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ABSTRACT 

Neiirbdeveloprriental treatment (NDT)* based on neuromotor development 
among ribhharidicapped infants arid ydUhg chiVdreri^ is preseritly the most 
popular motor training approach with cerebral palsied children. Empirical 

y ' 

data in support of NOT or other approaches to motor trairririgi however^ 

arg: lacking. In response to the absence of, a data base* the theoretical 

. 

basis and effectiveness of NOT was investigated across seven cerebral 

palsied, severely handicapped children, ages 2>5^to 12 years. Results 

indicated that training had a statistical ly 'stgnif leant effect for four 

children, and the vis^ual analysis suggested a training effect in the 

data of two of these four children. Theoretical relationships among 



abnormal tonic reflexes ^nd normal motor patterns were not supported by 

the data,/ A nonparametric test was Significant for the group when the 

means for baseline and training were used to represent the data, but not 

when the slopes were used in the analysis. Because results were- not 

consistent across all children, it was suggested that fu±ure research 

I __ _ __ 

,fecus on subject characteristics that may relate to the effectiveness of 

NDT. Additional ly^ reebmmehdatibris were made regarding measurement 

systems for evaluating charige, arid strategies for irivestigatirig the NOT 

therapy package. % 
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INTRODUCTION ^ ' : 

Cerebral palsy is a common ptiysical handicap among severely handi- 
capped children. It is a class of nonprogressive posture and mdvelneht 
disorders resulting from damage or malformation of the central nervous 
system (CNS) (Bax, 1964; Capute, 1974; Levitt, 1977; Vining, Accardd. 
Rubenstein, Farrell, & Roizen, 197G). The CNS coordinates sensory input 
yielding integrated motor responses ( FiorjCntino , 1972), Damage to the 
CNS results in* delayed motor developmeTit that is characterized by tonic 
reflexes (atypical and persistent postures) and a deficioRcy in the 



normal generalized postural adjustJTient reactijons of body al ignment and : 
balance (righting and equilibrium) that are necessary for the developmen 
of normal motor patterns (Bobath, B, , 1948; Fiorentino, 1972 ; and Rush- 
v/orth, 1971). A student with cerebral palsy, for example, may not be 
able to creep because the reciprocal pattern of arm and leg movements is 
prevented by a dominating tonic reflex caasing the child's hips and 
knees to fle^ if the head: and neek are extended. The child' s movement 
is further hampered by^he inability to make the necessary weight shifts 
(equilibrium responses) to maintain' "the all-four's creeping position 
when one extremity is moved (Bobath, K. & Bobath, B., 1957). 

"tittle's disease," as cerebral palsy was first identified, was 
initially described by William J.. Little at a London medical conference 
in 1843 (Little, 1853). Little identif^^ied lesions or eavi ties in the 
cortex of the brain upon post-mortem exam of Individuals with cerebral 
palsy. He also linked nedrlatal difficulty, p,articular?ly 'asphyxia, to 
symptoms df cerebral palsy (Little, 1853; Menkes* 1974). It is how 



osttiblished medically that b?*a in- (iamatjo ariSdciatod with cerebral palsy 

is due to prenatal etiological factor!> such as mattM-nal vi roses; defective 

uevolopnerit of the brain; perinatal difficulties such as anoxia' duo to 



preiiiatui'e s^aratiofi of the placenta, awkwar*d birth positiorjs, or prolonged 

labor; prematurity; Rh incompa tibi 1 i ty ;, and neo-natal factors of circalatory 

disorders, viruses^, er bacteria (Bobath, K. ft Bobath B., 1954; Cerebrdi 

palsy -- --Facts and figures , 1973 ; Menkes, 1974): Wide disparity is fbund 

^ among statistics for this halidicapping condition. Incidence /estimates 

range from .6/1000 to 1/200 live births, with most estimates between 

1/1000 to 2/1000 live births ( eerebral palsy--Facts and figgres , 1973; 

Dekaban, 1970; LeviU, 1977; Marks, 1974; Dunsdon, ig6Q> Stephen, 1965; 

Hair, 1961). , ' ^ : \ ^ 

Various treatment systems for eerebral palsy have been reported 

since the mid-1900's that can be characterized according to three types: 

orthopedic bracing and isolated muscle^ training (viz., Phelpis, 1940; ; 

1941; 1948); sensory' stimu 1 ation providing experiences to the visual, 

auditory, tactile, olfactory, gustatory, arid kihesthStic .senses (viz., 

Kabat, 1947; Knott S Vd'ss, 1956; 1968; Rood, 195C; 195^5; heUrd-^ 

muscular, stimulating the development and fuhctibpihg of the CNS (viz., 

Bobath, B., 1948; 1967 j "iBobath K. , 1980; Bobath, K. S Bobath, B., 1950; 

1952; Doman^ Spitz, Zucmanj, Delacato, S Doman, 1960; Uoman, Taylor, S 

Thomas, 1969; Fay, 1946; 1954; LeMinn, 1969). " 

All three types of treatment are ' c6rrently in use; however, there 
r _ ' ' ■_ _ _ 

is little evidence avaflable to support or refute the theories and 

... ... 

techniques of the systems (Barr^^ra, Routh, Parr, Johnson, Arendshort, 

Goolsby, S Schroeder, 1976; Levitt, 1977; Martin & Epstein, 197^). As 

} \ 

stated by Martin S Epstein (1976), "The best known therapeutic 
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•tchools* in cdrebral palsy typically rely on seinidbjective, orleccidtdl 
Ci>s5 reports or simple outcdiiie studies . . . .Tliese studies may indicate 
t'idt;, squiethih^ did or did not wDrk» while failing to isolate the effectiv; 
treatneiit variables" (p. 285). * . * >-n 

; * • ' . ' Purpo se 



Tile efficacy of popular neuromuscular approach to the treatment 
of cerebral palsy, heurddeveldpniental training (NOT) (Bdbathi B., 1948; 



1953 ; 1954a; 1954b; 1954c; l&^4d; 1955 ; 1967 ; Bobath, IC. , 1959; 1980; 
Bobath K. S Bobath B., 1950; 1952; 1954; 1955-; 1967; 1976) and its 
theoretical hypotheses in the training 'of motor beiiaviors amorlg severely 
handicapped cliildren with cerebra^l palsy have not been empirically 
veriMed. NDT is based on the thepry of neurological maturation that 
describes the functidhs df developing areas of the brain and the impl lea- 
tioiis of these functions for the process of motor 'development. 



As ^an attempt to replicate the noniial pifbcess of neurological 

( 

development with'in cerebral palsied individu^al s , NDT focuses on two. 



objectives: 1) the prevention or control (i.e-, "inhibition'*) of move- 
inent or posture to pr^j^nt abnonnal refTe.xes:, and 2) stimulation and 



guidance (i.e., "facil it'ation*^) of postif^al reactions permitting the 

sensations of nonnalized motor behavior. Developmental, milestones such . 

as head control or si Cting^ are not directly tauglit, although their 

acquisition is among the objectives of treatment. 

Three resea^h questions concerning the effectiveness of NDT ;were 

addressed in this stud/: . 

\ r _ 

i; Do postural reactions improve as a result of neurodevel opmerital 
trairiiri^g? . 
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. in the ^syi^inetrical tonic rieck reflex? 
-.3. Do impppements in postural reactions eorrespohd to an increase 
in. head erect and rolling motor patterns that are hot directly 
trained? ■ / 

A secondary purpose of this study was to demonstrate an empirical 
evaluation of a therapy approach in three ways. First, important technique 
of the therapy^,- the facil-i tation of postural -reactions in conjunction ' 
with reflex inhibiting positioning, were operational ized to establish an 

._ D _ . . 

isolated treatment ya.ir4able. 'Second, a single subject design was selected 
for this research in o^^ar to analyze directly th^_ effects of training 
among individual subjects (Baer, Wolf, & Risley, 1968; Hersen -S BaHow', ■ 
1975). Martin and Epstein (1976) explained that single subject research 
would be more appropriate tFian group design, ^'because of the organ ic and 
behavioral variability in cerebraf palsy" (p. 288). And third, measurernerit 
procedures of sensory/motor skills developed by the University of Kansas 
Early Childhoojj Institute (Guess, Rues, Warren, & Lyon, Note 1; Guess, 
Rues, Warren, Lyon, & Janssen, Note 2; Guess, Rues, Warren, Janssen, 
Nddriari, Esquith, S Mulligan, Note 3) were used to measure head erect arid 
"rolling behavior .sensitively and quantitatively. The measures do riot 
require subjecti ve';.:t}Ua judgments to score performance and slixght 

chaag.es wi thin, a skill can be monitored. 
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' REVIEW OF LITERATURE 
An overview of nedromotor development among nonhandicapped and 
cerebral palsied yodng children is presented because of its importance 
and implications to questions addressed in this study. Theory, treatment 
procedures, and research data of the three major therapy approaches are 
then briefly described to ^provide a framework fo-r tnterpreting the more 
detailed presentation of NBT and the general state of the art in the 
treatment of cerebral palsy. 

Nearornotor Development 
"The development of the motor skills closely parallels and 'is 
dependent on the physical maturation of the nervous system" (Suki ennicki , 
1971, p. 128). "Neuromotor development," therefore, refers to the 
sequential growth and sophistication of the central nervous system (CNS) 
and Its cldsC^assbciation to motor jDerfbnnance among normally developing 
infants (Molnar, 1974). The dependent relationship of motor behavior to 
the nervous system was initially established through experimentation 
with lower vertebrates and studies of humans with CNS , damage (McGraw, 
1943). Cortical maturation (i.e.^ growth and development of the CNS), 
and correspohdihg motor achievements were described by referencing the - 
CNS structures of the spines the brainstem (including the midbrain), th^ 
cerebeVlum, and the cerebrum (covered by the cerebral cortex) (see 
Figure 1) (Capute, Accardo, Vining, Rubensteih, & Harrymahi 1978^ Fibreri- 
tirio, 1963; Sukiennicki, 1971). The order in which the structures of 
the brain mature ontogenetical ly was found to be the same as the phylbgehetic 



^ FiguriB Caption 

Figure 1. The central nervous system. In the develbpmerit 
of the nomial infant, the system matures in ascending order: 
spinal cord, cerebellum, brainstem (including the midbrain) ^ 
and cerebrum (or cortex). 
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Sukiennicki, 1971).. Reflexive patterns (td be described later) were 
identified as characteristic of specific maturatibnal or fonetibning 
levels pf the CNS and- shown to be the basis of the tonal, postural, and' 
voluntary qualities of motor' responses (Magnus, 1926 ; Sherrington, 
1966); 

The Newborn Infant 

Maturity^ of 'the central ne -rwus system . ^ Neurological research 
indicates that ENS development is incomplete at birth (Conel ^ 1939; 
Dekaban, 1970; MeBraw, 1943; Sak1 enfiicki , 1971). Physiologically, the 
appearance of the newborn 'sx brain indicates that the lower centers of - 
the brajn are more mature than the cortex (Dekabah, 1970). Cbnel (1939) 
has noted that the texture is gelatinous Jnstead of firm. Cell size, 
number, and arrangement; and cortex width, layers* and stage of Jnylenation, 
provide additional evidence that the co,rtex does not contribute appreciably 
to the control of motor responses in the heona-te (McGraw, 1943). 

Reflex activity . eNS control in the newborn is predominantly fr'bm " 
the midbrain (or "subcortex") and the reflexes typifying motor behavior^ 
are characteristic of the brainstem. According to Sukiennicki (1971), 
"early pKjmitive reflexive responses reflect the relatively underdeveloped 
state of the nervous structures and the domination of the lower center" 
(p. 129). .Neonatal reflexes include automatic responses of sneezing, 
coughing, and yawning; local lied be|;iaviors such as rooting^sucking, 
grasping and stepping; and larger, total-body patterns of the Moro and 
tonic reflexes (Gillette, 1959; McBraw, 1943; Mysak, 1963; Rushworth, 
1971). ^ 

i 
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Tonic reflexes, the asymmetrical tor^ic neck (ATNR), synmetrical tonic 
neck (STNR)i and tonic Vabyrihthlne (TL'R), are also f'eferred.to as 
"statielL postural reflexes and are in response to the position of^t^e 
head and body in space, and/qr the position of the head in relation to 
the body (Sergassies, 1977; Magnus, 1926) (see Figure 2), Muscle tone 
^throughout the body is affected by the reflexes Orfright^ 1945^. A 
noflhandicapped infant will demonstrate: tonic reflexes somewhat variably 
from birth to two months until four to twelve months of age (Dergassies, 
1977; Fiorentino, 1973; Mysak, 1963; Rushwarth, 1971),, None of the 
reflexes are obligatory; the infant is not boufW to the posture of a 
reflex. Many authors 'have commented on the difficulty in discerning a 
clear^ unambiguous TLR because ft is typically seen in^ostures that 
also elicit the STMR and AT NR . (Dekaban;, 1970; Mysak, 1963). The inabili 
to dbs^erve the TLR in isblatibft has led to some disagreement concerning 
its presence among non^andieapped infants (Bobath, K., 1980; Capute et 
al-, 1978). ^ . ' 

Muscle tonus" and posture , ."By tone in skeletal muscle is meant'. a 
state of reflex contraction which is concerned with maintaining position 
or posture . The distribution and degree : of this contractibn among the^ 
various muscles of the'bddy^are related to the attitude adapted by the 
animal arid also to the exterit to wh\ch the riervbus system is intact" 
(Wright, 1945, p. 582). Restirig m.uscles terid to resist stretching and 
instead, hdfe a si igfrt,/cbristarit firmriess arid terision. Movement is 
accommodated by adjustments in tdrie thrdUghbut the muscles in the body 
(Gillette, 1969; Hdlt^ 1965). Characteristically, the neonate has a ' 
great deal inore tone than a year-old child or an adujt. - The re$u.l ting 
newborn posture is a preddiniriaritly flexed pdsatiort in both prone and; 



supine (Fiorentino, 1972). 




Figure Caption 

Figure 2. Topography of ttinic reflexes in* children with 
cerebral palsy* 
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^ ' 

FiDrentino (1963) describes primitive reflexes, as essential; the 

* 

infant's response to thism is preparatory for progressive devel^epmerit 

through motor milestones. Durlng^pprdximately the first 15 mdhths 

. . . _ * 
following birth, however, the cortex natures ;and develops dominating arid 

inhibitory control over the subcortex (Capute etal., 1978; Fibreritino, 
1972; Gillette. 1969; McGraW, 1943; Rushwdrth, 1971). Reflexes that 
typify neonatal motor behavior are gradually replaced (or integrated) by 
more- refined and selective cortical ly-control led , behavior mediated by 
the interaction of the cortex* basal ganglia arid cerebri luip (Fiorentino, 
1973). McGraw (1943) contrasts the reflexive behaviors of the newborn 
with those of the developing infant as "more stereotyped and limited, 
whereas cortical behavior is plastic and manifests a diversity of patterns 
and response" (p. 10). With cortical maturation^ the irifarit develops 
-the postural reflex reactfons of righting and equilibrium (alignment and 
balance responses) and engages increasingly in more purposeful volurvtary 
behavior as coordinated arid complex motor patterns develop (e.g. , crawling) 
(Bobath, K., 1980; HcGraw, 1943; Sukiennicki, 1971). Righting reactions- 
align the head and neck with the trunk, aligri the trunk with the limbs, 
and maintain a midline position of the head (Fiorentino, 1973; Gillette^ 
1959). For example, a baby rolls in the direction of a passive head 
turn or, if carried at an angle, maintains a midlirie position of the 
head. Equilibrium reactions compensate rather than establish alignment 
in response to chariges in the center of gravity to maintain a balanced 
posture (Fiorentino, 1972 ; Mysak^ 1963; Sukiennicki, 1971). In sitting, 
for instance, equilibrium reactions allow a child to lean while reaching 
for objects without fallirig over. 



The dev^Voprnent of rlghtiijg reactiQns begins at birth. At five to ^ 
^six [fionths, equilibrium reactions are evident. A gradual and progressive 
integration of the righting reactions with the newly-developing equilibrium 
reactions then begins and is bompleted between three to five years of 
age (although FiorehtinOi 1973^ reports that righting reactions disapfiear ) 
(Bobath, K., 1980; McGraw, 1943; Mysak, 1953). As summarized by Fiorfentino' 
(1|72), the infant "develops from ^a being with mass movements of symietri eal 
synergies dominated by lower centers of primitive reactions to a child 
with a highly complex, integrated nervous system . 
with its vd^litional postural refined patterns of movement" (p. 60). , 
i teuromot or Devel opment a fflo^og-Infants with Cerebral Palsy 

Cerebral palsy occurs when there is* damage to, or a lesion of, the 
young infant's immature cortex. There is an absence of CNS integration 
and the lower centers of the brain maintain control of motor behavior 
(Sax, 1964; Bobath, B., 1943; Fiorentino, 1972; Levitt, 1977; Sukiehnicki , 
1:971). "This means that the lesion acts on an immature brain, interfering 
with its normal process of maturation and with its normal orderly develop- 
ment" (Fiorentino, 1972, p: 3)- The resulting motor development is . 
abnormal and neither typical of subcortical nor cdrtical behavior of a 
nbhhandicapped infant. 

Ih_ the presence of cerebral palsy, the primitive reflexes persi^st 
^ \ ■ ■ 

indefinitely and are hot dblriihated by cortically controlled behaviors as 
in the development of the nbnhandieapped infant. Additionally, the ^ 
child with cerebral palsy may be "obligated" and unable to move out of a. 
reflexive posture (Fiorentino, 1972; Rushworth, 1971). Pathological 
tonic reflexes are desciribed by Oergassies ( 1977) as "imniediefte, constant, 
rap1d,'^'an^ inexhaustible," in Contrast to their presence among nonhandi- 



capped infants in which they are "sldWi ihcdhsisterit, iricbmplete, and 
appear only after a very long latency" (p. 151). 

Tonic'^reflexes as they characterize cerebral palsy vvere first 
desdribed £y Magnus and DeKleijn in 1918 (Dergassies, 1977^ Magnus^ 
^ 1926; Menkes, ^1974; Wright, 1945) . Magnus and DeKleian observed the 

: ATNR, STNR, and TLR in response to^head turning among decerebrate Ihimals, 

anj[mal preparations in v/hich the brainstem was surgically transected- 
through the midbrain. Motor behavior of dfecerebrate animals -is completely 
under the •contrx)l of the brainstem. According to Bobath* (1980), 
"tonic" 1s a combination of the two terms "tone" and "static" that are 

^ • descriptive of the increased muicle tightness (spasticity) arid restrict^ 

movement qualities of the pbsturi,ng. Sherrington (1906) referred "to the/ 

- - - ^ \ 

resulting clinical picture as "decerebrate rigidity," descriptive of* the 

t*" _ ' : 

extreme hypertonici ty of the muscles- : . 

Abnormal tonic reflexes in children with cerebral palsy constrain 
movement and impede development. Associated muscle tone is either 
hypotonic (decreased tone), hyperton4c or fpastic (increased tone)» or 
fluctuating (Gapute et al.,.1978; Fiorentino, i972 ; Sukiehn icki , 1971). 
i The pathological, reflexes and tone result in postures that are incompatible 
with/and inhibit more cbrtically mature righting and equtllbrium reactions 
and are --eounterprodueti ve to achieving voluntary, horiiial motor patterns * 
^ (e.g.* rdllihgi sitting^ crawl ihg^ (*tc.) (Bobath, K., 1980; eamf>bel 1 , 
Green, S Carlson, 1977 ; Fibreatind , fg72 ; Lev i tt, 1977 ; U^tTey, Holvoet, 
^ S Barnes, 1977). Postures typical of cerebral palsied children are 

awkward body positions that are frequently asymmetricaV" (e.g. , the trunk 
may be laterally curved) and/or comprised of "associated reactions" 
F (e.g., when one hand opens ^ the other hand bp^fns). ^ 
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Nummary or fNeuromotor ueveiopment 

As^ cortical maturatibn occurs In the normal irifirit, subcortical 
reflexes decrease; no^ial postural reactions o'f righting aftd' equi librium 
Jbody alignment and balajice responses') develo.^ and allow for voluntary 
cbbrdinatod motor pa.tterSs (e.g. , relVihg, fitting ,^ gtc; ) . if cerebral 
palsy is present^ cortical maturation does not occur, the subcortex p 
nidintaihs control of motQf- behavk)r, and; tonic reflexes (^tt^IR, STNR and 
TLR) persist arid are abnormal. Lacking cortieally dominated control of. 
motor behavior, cerebral, palsied chiV^reri do not; develop the postural 
reactions of righting arid equil ibrium that are requi red: for learning 
more couiplex, co"ordiriated motor pa^^erris. 

^ « Treatment Approaches to Cerebral Palsy 

There are at least three types of approaches to the treatment of 
cerebral palsy:* orthopedic, sensory stimulation, and neuromotor; None 
of the approaches are presently dismissed as ridribenef icial , however, the 
neuromotor 3'pprodCh seenis to be the most preferred, approach with some 
abpecTs of the orthopedic* and sensory stiniulatiori approaches included 
(Banus, 1971). ' * 

^ . -0-rthopedi-c J^ppLmacb- ; : > . 

\ TfirougFiout the 1940 's and 1950 *s an orthopedic mahageirieht system 

^ for the, treatment of cerebraT palsy was the primary a^pproach to treatnient 
and has sometimes been referred to as the traditi^T^Tl appr-^ch (PhelpSi 
1940; 1941; 1948): W. M; Phelps was an ;.Drthupedic surgeon who adapted 
and expanded on Urn conventiuriul treatmer»t techniques of jfolibniytis fbr""^ 
individuals with cerebFal palsy (Gillette. 1969). Therapy in the ortho- 
pe^dit: 'iystefii includes fifteen fijodalities or methods of 'isolated and 
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group nuscie training (e.g.. massage, active assisted motidhi resisted 
motion, eicU Braces, splints, surgery, and drugs may be prescribed to 
correct deformities, facilitate muscTe rel^xatidh or contraction^ or 
inhibit uncontrolled noveinent due to fluctuating muscle tone (Gillette, 
1969; Levitt, 1977; Marks, 1974). 

Research ^^rM:>^t-te3pe-d4c therapy . Crosland (1951) reported the 
results of a study to eva'ldato the effectiveness of the orthopedic 
treatment system. Based on a developmental checklist of IZS-motor 
skills, all 34 cerebral palsied children in the study^ ages 5 to 11 
years, improved. Length of treatment was the only factor related to the 
amoant of improvement. Children receiving 2-3^^ years of therapy progressed 
an average of 33^ skills on the checklist, and those receiving less than 
one year of treatment acquired an average of only nine new skills. 
Results of the study are difficult to 'interpret because there was -no 
:ontrol or comparison group and the students were selected because they 
appeared "to of.fer the possibility of a good response to treatment" 
(trosland, 1951, p. 92). The most s ignificant wl imitation of the study 
was the total absence of a description of treatment. Neither the tir:e 
spcn^ in treatment nor the "tradi tionaV techniques used by the physical 
and occupational therapists were reported. 

A study by Zuck and Johnson (1952) was conducted with 36 subjects 
to determine if intelligence or type of cerebral palsy were related to 
Success with an orthopedic approach to ttiorapy. Results were presented 
graphically and compared to a normal rato of development transposed as a 
slopf} of 1.0. Artor ten months of tre^i tnifMit , all subjects showed progress, 
h(jvvever\ the rate of development did nut cf)tinge for all. Subjects with 
'.pas 1 1c i'ty O '>cr(M'>e'.l muscle tone) proyres^i^d at a faster rate than' 



subjects w^ith athetosis IflUctUatihg inuscle tone),' arid subjects with IQ 

scores above 70 imprGved more than those with IQ scores below 70. Even 

though changes in rate of d^eldpmeiit were noted for some subjects* the 

authors suspected, ''that many of these children would do as well without 

fomal treatment"' (p. 118). As in the Crosland (1951) Study ^ results 

a^G incoficlU'sive because treatment was drily, described vaguely as "group 

tbierapy" of three hours per day^. Addf tiorial ly^ the validity of describi 

_ _ ■_ 

normal motor development as a fixed rate is unknown and questidnabl g» 

- '■ ' ' . ' 
AnDther attempt to jidentify children with cerelbral palsy that were 

most likely to benefit, frdnv'orthopedic therapy was repdrted In 1959 by 

Ingram, Withers, and Speltz, Sixty children were treated for 3 td 36 

nonths, and 40 ot them showed progress. The authors attributed the 

'failure df 20 subjects td imprdve td merital retardation, emotional 

_ _-_ _ __ _ ___ ^ 

innidturi ty, or the severity of the cerebral palsy. Results were based 

on performance related to a devel opmenttal checklist constructed by the 

authors. Only iiiildly affected subjects were selected for treatment, and 

twelve were excluded fron) the study after 16 months of treatment without 

evidence of progress^. Selection problems, lack of experimental control, 

and the oftnssibn of a methods description preclude any conclusion from 

the resul ts . 

One investigation of orthopedic treatment emplbyed a comparison 
group, (Paine, 1952). Treatment of 103 children for at least five years 
led the author to conclude that children mildly affc/cted with cerebral 
palsy would learn to walk with better gaits and haye less contractures. 
Additionally, cfiildren with spastic cerebral palsy would-be less likely 
to have' surgery proscribed if their treatment was initiated prior td age' 
two, . • 
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Although the study by Pallle (1962) ihcluded a group of "totally 
aritreated" children, the make-up of the coinparisdh group differed from 
the experiiiiental group so as to bias the study in favor of the experimenta 
group; ehildren were included in the comparison group rather than the 
experimental group if they were unlikely to benefit from treatment, or 
if the chi)dren*s parents were not interested in the program. 

. Treatment was described in much greater detail than the previously 
reported studies of eresland' (1951) , Zuck and Johnson (1952)* and Ingram 
et al . (1959), but it is still not possible to determine the exact 
treatment program received by each child. It was reported that the 
method of treatment varied, but included "stretching exercises^ 'muscle 
training^' attempts to teach patterns of movement and range of motion of 
individual joints, and also functional training directed at walking and 
the use of hands for daily self eare, writing, etc." (Paine, 1962, p. 
606). 

Sensory Stimulation Approach 

Pwprloceptive neuronlUsc\jlar facilitation . Tactile and kinesthetic/ 
proprioceptive experiences are the main focus of the sefiso ry stimulation 
approaches to the treatment of cerebral palsy. Isolated muscle training 
from the orthopedic approach is included, buti bracing, surgery and 
drugs are not recommended. Kabat (1947)* and later, Knott and Voss 
.(1956; 1968) advocated proprioceptive heurdmuscular facilitation (PNF) 
therapy (Gillette, 1969; Levitt, 1977; Marks, 1974; Sukiennieki, 1971). 
Spiral and diagonal movement patterns resembling the alignment of the 
body's muscle fibers are utilized to stimulate the proprioceptors 
(nervous tissue relaying the sensation of mQvemeht to the brain), and in 
turn, stimulate^^the brain's i^otpr cortex (Marks, 1974; Sukiennieki, 
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1971), Other PNF techrriques, touch, auditory^ arid visual stimulatibrii 
stretch, pressurfe, resistance, icing, and the use of tdriii arid righting 
reflexes, are included to reinforce normalized responses of the rieurb- 
muscular system (bevitt, 1977; Marks, 1974). 

Rood. Rood's (1956; 1962) sensory stimulation approach is very 
similar to PNF, but places a greater emphasis on fglldwirig the ribrmal 
prbgressibri of muscle and motor development. Stimulation of ihe sensory 
receptors is sequential and intensive with repetition.^ In additkiri to 
PNF techniques, squeezing, vibration, brushing, stroking, and neiTtral 
warmth are applied to activate or inhibit movement (Sukienmcki , 1971). 
Proprioceptive stimulation to muscle groups is differentiated according 
to two types of muscles: light work and heavy work muscles, *^ioth tonic 
and postural reflexes are encouraged within the therapy program. Studies 
investigating the effectiveness of PNF or Rood's 'sensory stimulation 
approaches were riot found iri the literature. 
Neurdmdtdr Approach 

- - J - 

Fay, Ddmari-Delacatb . Iri the 1940*s Fay developed a program for 

treatment of cerebral palsy aimed at stimUlatirig the growth of the CNS 
(1946; 1954). Repetitive passive -mdvemerit or "patterriing" of the loco- 
mdtidri patterns assdciated with the child's level of neurological develop- 
ment arid the assdciated level of phylogenetic development is the primary 
focus of treatment (Sukiennicki , 1971). Patterriirig "follows the successive 
stages of locomdtidn addpted by ariimals iri the asceridirig evolutionary 
scale, beginning v^ith the simplest ref lex-wiggl irig df the fish, and 
progressirig thrdugh amphibiari crawlirig^ reptileari creeping, and finally 
to primate erect walking" (Gil lette, 1969* p. 52). Spasticity .is relaxed 

_ _ . . .5. _____ __ , __ 

through repetitive movements referred td as "Urildckirig reflexes" and 
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abnormal tbriie reflexes are utilized to initiate motion for the passive 
patterning (Levitti 1977). For additional stimulation of CNS development, 
the therapy program Trieludes restricting the intake of fluids and providinc 
the child with opportunities to breath carbon dioxide-rich oxygen (Gillette 

1969). ; 

During 1956 and 1957 "the Dbman-Delacato therapy system was developed 
.to^expand the- treatment program of Fay (Boman et ah, 1960; Gillette, 
1969; Sukiehnickii 1971). Treatment inc^ades up to 22 different procedures 
organized around five principles of therapy: sensory stimulation, 
programming the brain (tactile sensitizatidri arid training hemispheric 
dominance), immediate responding, functional cdgriltive responding^ and 
increased circulation, oxygen, arid riutrierits to the brain (Sukiennickl , 
1971). Therapy is carried out daily for ari average of five hours. 

T-w Joman-Del acato approach . Ddmari arid his colleagues have 



reported results from two evaluatidri studies df their therapy program- 
In the first study (Doman et al . , 1960)^ 76 children, ages one to nine 
years, received an average^ of 11 months df treatmerit. In addition to an 
indiviidually prescribed therapy^ the 56 ridriwalking children were required 
to be prone on the floor when not receiving their prdgrarri (except for 
caregiving time). An assessment of mobility skills accdrdirig to 13 
levels Indicated that mobility improved a mean of 4.2 levels. Ndrie.of 
the children failed to improve and 11 childreri learned" to walkSndepen- 
dently. No differences In progress were noted in relation td age. * 

In a second study of brain-injured children (3 months td 22 years 
of: age) who had completed one year of treatment, 290 of the 335 childreri 
showed improvement (Doman et al . , 1969). Rate of neurological growth 
was determined by the Q oman-Delacato Profile (Doman et al., 1969) pribr 
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to treatment "using nedrological agfe as one variable and chronological 
age as another," and compared to the rate of growth during treatment (p, 
217). Both of these group studies lacked an experimental design and 
precise definitions of the therapy programs, so it is not possibleJto 
identify the treatment program itself as the causative factor. Mditional 
there is no basis to assume that the rate of neur©ldgical development is 

'. _____ _ .v _ ._ 

constant as suggested in the evaluation of therapy, and even more importan' 
there is no evidence that the Ddmah-Delacatd Profile is a valid measure . . 
of neurological development. 

Neurbdevelbpmehtal theory arid training . Neurddevelopmental theory 
(Bdbath, B., 1948i 1953| 1954a; 1954b; 1954,c; 1954d; 1955; 1957; Bobath, 
K., 1959; 1980; Bobath, K. S Bdbath, B., 1950; 1952; 1954; 1955; 1967; 
1976) was derived from neurological research describing ridrmal cdrtical 
maturatidn and its function (Bdbath, K. S eobathi B.^ 1952; FUltori, 
1943; McGraw, 1943; Monrad-Krohn, 1938*^ Wright . 1945). The thedry 
predicts that training cortical ly controlled postural reactidns (righting 
and equilibrium) will result in a decrease in subcortical ly contrdlled 
reflexes (ATNR, STNR, and TLR) and improvement in the development df 
coordinated motor patterns (e.g. roll ing, sitting, crawling, etc.) • 
(Bobath, B., 1948; 1967; Bobath, K., 1959 , 1980;^Bobath, K. S Bdbath, 
B. , 1967; 1976).. The theory is consistent with neurological development 
as it occurs in the normal infant; when cortical maturation occurs," 
postural reactions of righting and equilibrium are evident, subcortical 
reflexes, diminish,, and head control,* sitting, rolling, crawling, and 
increasingly more complex motor behciviors develop (Bobath, K. , 198©; 
McSraw, 1943). _ ^ • 

There are two basic strategies in NDT: 1) "inhibit" subedrrtieal 
reflexes (stabilize and control posture and movement to normalize muscle 
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tone and prevent abnormal reflexes), and 2) "facilitate" (stimulate^ 
guide, and assist) postural ceactions (Bobath, K., 1980^ Bdbathi K. S 
BobatHi B., 1967). NDT is the only treatment abroach to cerebral palsy 
that advocates the infiibition rather than utilization of primitive 
reflexes (Bobath, & Bobath^ B., 1952). Carrying a cerebral palsied 
child in a flexed sitting position, with the knees and hips bent and the 
shoulders fCM^^d.^is an example of "inhibiting" an ATNR or STNR. 
Neither reflex cari*^dccur because extension (straightening) of the arns, 

trunk, and legs is prevented (Bobath, B;i 1948; Bobath, K., 1980). As 

■I - - ' 

an* example of facilitation, an equilibrium reaction may be stimulated by 

lying a child on a tilt board (a board that canbe rocked from side to 

. . % 

side) and helping .the child tp indve as necessary to maintain balance as 

the board is slowly tilted. Normal njQtor patterns are not directly 

trained^ ^hbugh their achievement is the ultimate objective of^DT. 

Essentially^^ NDT seelcs to replicate the normal pfoc^s of neurological 

development In the cerebral palsied child by providing experiences with 

_ _ _■ , _ _ . _ _ _ 

ndrrialized posture. and movement (Bobath^^ 1980). 

y Research oh NDT . Several studies have Investigated the efficacy of 
NDT. Woods (1964) and Kong (1966J reported the outcome of NDT according 
to gains made in ambulatj^n. Woods investigated* "Bobath treatment" 
among 478 children and found that ineducable children with spasmic 
cerebral palsy made little or no progress. Educable ch.il dren with 
either spastic paraplegia (only legs affected) or athetosiS'(fluctudting 
muscle tone) made the most progresSi with 91 of 118 children learning to 
walk. Kong (1966) reported 'bn 69 children tli^t began therapy within , 
their first year of life. Therapists demonstrated NDT techniques and 
taught caregivers tcf be daily interveritibhists. After brie to four years 
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of treatrfjeri^..the 53 children with mijlilTiaV. cef ebr^a^^^^ a 
normal gait, 9 with mild cerebral palsy learned ./to wal^^^^^^^^^ 
Used support) , and of the 7 ch^ndreii mOi^erately and' s^ affected, 
one learned to walk. 

Wright and Nicholson (1973) used- a control and comparison \groUp to- 
investigate NDT among 47 cerebral palsied children. The childrer^'^ were* 

divided into four age grouF*9* (birth to 5 months, 6 to IJ mdrlthSi 12 to 

— _.. - _v ^■^r:..!'.'-..^. 

17 months, and 18 months arid older). Equivalent' numbers of chiljd'ren ' 

from each age group were randomly assigned to one of three groups: 1) 
NDT for 12 months, 2) ho NBT for 6 months; NDT for the next 6 months, . 
and 3) ho NDT for 12 months. Gains in head control and rolling s-kll Is 
were the only differences between the groups and were in /avor of the 12- 
month treatment group. Developmental progress and a dimi'nishing of 
primitive reflexes occurred for all childreh*regardless of the type or 
severity of cerebral palsy. 

Garlseri (1975) compared NDT to a mo^K: training approach ariphasizihg 
fine motor and self-help skills. Twenty cerebral palsied children, ages' 
one to ^five were matcfip for motor development level and randomly assigned 
to a treatment condition. NDT, the "facil itative condition," was bPoadly 
defined as, "directed toward developing sensory organization, postural 
stability, arid controlled movemerit" (p. 271). Trairiirig was carried out 
one hour two times per week for six weeks. Parents were a!|^o encouraged 
to implemerit home- trai^rii rig usirig the activities demonstrated duririg 
therapy. Results of pre- arid post-measures on the Bayley Scales of Infarit 
• Develdpmerit (Bayley, 1959) ari^ the Deriver Develbpmerital Sct^^eriirig Test 
(Frarikeriburg S Dbdds, 1969) suggested that NDT was more effective; thari 
the other trairiirig cbriditibri. 
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Two case studies of NDT rgported develdpmehtal progress as a result 
of training, A study with three severely/multiply handicapped children 
ajes three and four years was reported by Norton (1975) in which 10 to 
15 minutes of training was conducted daily by the mothers. All children 
showed improvement based on pre- gfnd post-measures of equilibrium and 
righting reactions, and on observations of "increasingly complex behaviors 
(including such items as po'stural reaction's, voluntary play, response to 
'^sound, and motivation). Tyler and Kahn (1976) described a therapy 
program for one child. NDT was defined as "working on" proper positioning 
for feedings (seated on the mother's lap), independent play (sidelying), 
and sleeping (sidelying). Improyemerits were noted in normal muscle tone 
and movement, head and trunk co^itrol , and righting reactions. 

Three investigations of physical therapy wtth young cerebral palsied 
children used NDT in cdt) junction with techniques from other approaches, 
. Fpoth and Loyan (1963) combined isolated muscle training and bracing 
from the orthopedic approach with NDT in the training of 73 children, 
ages 10 months to 5 years; After one yeSr of a J^-hbur weekly therapy 
program in which the pa'rents were taught training techniques^ children 
un^di^' age thr:ee made larger gains than the older children. Factors of 
*iQt prior, pf^sical therapy treatment, and amount of physical therapy 
(determined by the number of therapy sessions during the year-long 
study) were not related to gains. 



Mysak (1963) reported the development and results of a reflex 
- therapy program based primarily on NOT with contributions from Fay 
(heurdmbtdr patterning), Kabat (PNF)* and Rpgd (sensory stimulation). 
/ In^a pilot study with seven children ages 14 months to 11 years, and a 
replication study with nine children, all improved with treatment. 
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A comparison group was included in an experimental study by Scherzer 
Mikei & Ilson (1976) of NBT and some procedures from Fay andRodd* 
Tv/enty-twovxhildren under 18 months 0^ age' were randomly assigned to the 
^cbmpari^n or treatment group and received therapy twice a week for up 
to two years. The comparison group's therapy consisted solely .of passive 
range of motion exercises. Therapy for the treatment §rdup was described 
as, "tailored to fit- the individual needs of a child," and includedi 

------ * ■ ^ -J . .r 

"positioning and movement to inhibit abnormal reflexes or motor patterns 

ahd'^o facilitate rnore mature mot^r development" (Scherzer et al.il976> 

pp. 48-49). Parents were trained to; ;implement the treatment at home. 

The experimental group, children of normal intel 1 igence, and older 

children showed the greatest improvement. ' ' 

Each N0T study reported ^^improvement for. all children who received 

treatment. Prdgess was assessed according to gains in ambulation (Kp^g-i 

1956; Woods, 1964i Norton, 1975; Scherzer et a1 . , 1976; Tyler & Kahn, - 

1975 ; Wright S Nicholson, 1973), postural reactions (Mjg^k, 1963; Norton, 

1975; Tyler S Kahn/l976), arid standardized tests (Garlsen, 1975); -As 

In the results reported from the orthopedic arid Doman-Belacatd 'studies . 

consistent findings of subject variables related to the amount of progress 

_ _ ... _ . _ t 

(e.g., age, IQ* amdurit df rK|atmerit| severity of cerebral palsy, etc.) 

^were not evident. ^ 

_ _* _ _ _____ . . . 

Results from the NDT studies reviewed cannot be generalized or 

replicated for at least three reasons. First, mdst df the research 

lacked experimental control . Three-of the six group studies (Fddth & 

Logan, 1963; Kong, 1966; Woods, 1964) Hid not include a cdritrdl or 

comparison: group, and the single subject studies (Mysak, 1963; Norton^ 

1975; Tyler & Kahn, 1976) were conducted as case studies rather than in 
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the frainewbrk of a single s^i^Ject research design. It is not possible, 
therefore, to attribute developmental gains to the therapy rather than 
nataratioh or some other factor. Second, none of the method sections 
included operational ized definitions of therapy. And third, the reli- 
ability and validity of the measures of progress are unknown (only 
Carl sen, 1975, reported results based on standardized measurement), 

Summa r y 

Normal neurological development is a process of orderly maturation 
of the- CNS occurring primarily during the first 15 months of life. 
Maturation of the CNS yields cortical dominance in the control of inotor 
behavior. Eortieally controlled behavior is characterized by righting 
and equilibrium reactions that are critical cbmpbhents of voluntary 
- coordinated motor patterns (e.g.^ head control, rolling, sitting, crawling, 
etc.). Reflexes associated with the subcortical ly controlled motor 
responses of the ybuhg> infant are ihhibi^ted as a result of co^^^ti^ 
developeht. 

Children with cerebral palsy have brain damage that impedes CNS 
maturation. PathoTog_icaI^ reflexes persist and constrain ""the - 
acquisition of ^the postural reactions of righting and equilibrium, and 
/ thereby, the normal development of motor skills. ^ 

Three general approaches have been followed in the treatment of 
cerebral palsy: orthopedic^ sensory stimulation^ and heurbmbtbr. NDT^ 
a neurgnotor approach, is the only approach based on CNS develbpment as 
it occurs in nonhandicapped children. Research investigations of the 
various systems of therapy have all reported child progress. A lack of 
experimental control, the failure to operational ize therapy procedures. 
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and vagtie btiteolrie measures ^ hbweveri have limited any statements regarding 
the efficacy of the ihtervehtidh techniques. Currently^ there is no 
eiTipirical evidence to refute or support any of the approaches to the 
treatment of cerebral palsy. 
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CHAPTER III ^ ; " • 

METHOD / 

Facilitation of righting and: equi 1 ibrium postural: reactions was 
operational ized as the treatment v^Jrlable for seven severely handicapped' 
children with cerebral p^lsy. Using a multiple baseline designi the f 
effectiveness of training postural reactions was investigated. Addltidhall 
an abnormal reflex (AlNRj and ^ coord inated^Sotor pattern (head erect or 
rolling) were probed throughout the study'to evaluate their theoretical' 
relationship to postural reactions. - NBT theory postulates that as 
righting and equil ibrium reactionsvi^ acquired, primitive tonic reflexes 
diminish and coordinated motor patterns develop. 
Subjects * 

Four girls and three boys ages i to i2 years were included in this 
study. All children were enrolled in Lawrence arid Kansas Gity area 
preschool and elementary school classes for severely/multiply handicapped 
children. After the study was approved by the Uriiy^jr«ity Advisory 
Committee ori HUmari Experimeritatidri, the following criteria were used for 
subject selectlbri: 

a) medical diagnosis of cerebral g^sy; 

b) gross motor developmental leve'Pat or below seven months 
(assessed by &wv^4^D^^]^pmental Screening Test i FrahkeribUrg 
& Dodds, 1969); J,' 

c) . clear and consistent demdnstratidn of an asymmetrical toriic 

neck reflex (ATNR) , symmetrical tonic heck reflex (STNR)i or < 
tonic labyrinthfrie: reflex (TLR) (score of 3+ at least 7 of 10 
itrialSj assessed with Primitive Reflex Profile ^ Capute et 
al . , 1978); and . 
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d) approval of training dbjcetives by the child's physical or 
occupational therapist. 
'.A grass motor level at or below seven months was included In the selection 
criteria because it precludes the achievement of the Ihtervontionitargets 
{righting and equi 1 i brium reactions ) . The ATNR was the only consistent 
reflex observed when subjects were selected, fable T summarizes the 
demographic characteristics of the children in^this study. 
V Subject 1 .' Sam^ a 2 year 1 month bid male, was the youngest subject. 
At births labdrtahd delivery were prdldriged, he heeded resuscitation, 
and was placed in the hospitaTs neonatal intensive care urfit following 
heart failure. Ife had his first seizure at 8 days of age. When the 
study began^ Sam was able to hold his head up In prone or sitting, sit ^ 
ilidependehtly for several minutes (although he could not attain sitting 
without assistance}) and crpwl on his stomach short distances by pulling 
himself forward with his arms. Socially, he recognized and responded 
positively to familiar persons. He understood simple directions^ cdUld 
reach and grasp desired objects^ and was just beginning td imitate * 
sounds within his repertoire. Between sessions 59 and 77 ^ Sam, had 
heel cord surgery (the casts were removed before he returned to schddl 
and the study) , ^ 

jgbject 2 . Janet, a 3 year 4 month old female, was seizuring at 
birth and reportedly seizured almost continuously for the f«irst four 
months of life. She was the most severely handicapped child in the 
study. Janet slept frequently, and typically did not raise her head in 
prone, move a limb voluntarily, or interact in anyway with people or 
objects in her environment. Occasionally, however, she did respond to 
movement or sound by crying or smiling. Following session 91 Janet was 
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; 2 (Janet) 



DciiiograpHic. Cliardctorjstics of Subjects 




/^9c at ... 
Sex^ Beginning of Study 



Diagnosis 



4 [lioretta} \ F 



5 iU 



F 



3 yrs. 4 itios. 



3 (Char]ie)\ M 6 yrs. 3 mos. 



3 yrs. 2 mos. 
3 yrs. 3 itios. 



.... .1. • 

6 (Marilyn) 12 yrs. 1 no. 



spastic (juadriplegia 
seizure disorder • 
microceplialy 



spastic quadriplegia ' none 
seizure disorder 



none 
la ridiie' 



seizure 



spastic quadriplegia 
seizure ■ 

scoliosis 



Screening Test 
Motor Overall 



6 mos. 



1 mo, 



'3 mos. 

5 mos.. 
2 mos. 

2 mos. 



1 BlOSi 



i mo. 



4 mos. 

24 mos. 
4 mos. 

3 mos. 



H ; 4yrs.; 4 (lios. spastic quadripjegia phenobarbitol 2md^. 6 mos. 



T 



3^ 
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hospitalized for several days with a respiratory infection and a fever 
that rose to 108*'F accompanied by grand mal seizures. Although she 
returned to school for a few days, she was hospitalized again with . 
similar symptoms and malnutrition (treated with a gastrostomy). Due to 
poor health, her participation in the study was discontinued-- 

Subject 3 , Charlie, a 5 year 3 month old male, had perinatal 
anixia. At the beginning of the study he was able to lift and maintain 
his head up for several seconds in prone while propping on \vH forearms, 
Charlie had very little head control when sitting, howeVer, and did not 
reach for objects from any posttibn. In spite of his severe physical 
limitations, Charlie was very attentive to his environment, discriminated 
strangers from familiar persdhS^ and showed favoritism among familiar 
persons. 

^^j^ct 4 . Loretta, a 3 year 2 month old female, had respiratory 
distress following a^prolonged labor at birth. When the study began, 
she was able to lift her head and maintain head control for a short time 
in prone and sitting, and was just beginning to maintain a sitting 
position inggpendently for several seconds. Although she was not able 

to crawl, she could rbll to a desired destination. Loretta was the only 

_____ _ _ _ _ _ _ 

subject able to talk. Her language skills were approximately at age V , 

. i 

level; she initiated and participated in cdnversatidns with peers ah<J;< 
adults, folldwed directidns^ cdmmented on past and future events, and 
laughed at simple ,^kes. She v/as clearly the highest functioning subject 
in the study. 

Subject 5 . Kathy, a 3 year 3 month ol3'*female, was born pdstmature 
at 42 to 43 weeks gestation and had seizures at the age of 12 hours. 
She received intensive therapy and patterning of the Ddman^Del acatd 

41 



apprdacii for approximately a year. Therapy was discbritiriUed when her 
farnily moved to the Kansas City area arid enrdlled her in a special 
education preschddl prdgram a few weeks befdre the study began. When 

evaluated at the beginning of the study, Kathy was only able td lift her 

. . . . . ^ ______ ___'__: :__, _ : . . ■ 

head momentarily in prdne dr supported sitting. She had minimal reach 

and grasp skills, but was quite respdhsive sdcially. She frequently 

snjled at famil iar persons , sometimes cried when family members left the 

. room ; and attended to persons and events in her envirdnrnent. v 

. Subject 6 , Mar1,lyn, a 12 yeW 1 iridnth did female, was the oldest : 
child in the study. She was bocn^ breech with apparently nd dttier compli- 
cations until she had a cerebral aneurysm at 10 days of age. - Wfien the 
study began, Marilyn had a severe scoliosis and cont^f^actures df her - v 
knees, hips, and left elbow and wrist. She v/as able to lift her head 
inonentarily in prons or supported sitting but did not reach for objects 
nor visually track then, Marilyn did respond pdsitlvalyj hdwever^ by 
smiling or laughing when people spoke to her in a friendly tone, if 
rnusic of a particular recording artist was played, or if she was put 
through movement activites. 

Subject 7 . Matt, a 4 year 4 month old nale, had ah unremarkable 
birth history. At the beginning of the study he was able to maintain 
head control in prone when propped dh his forearms for a ^hort time. 
;-1dtt cduld sit Idhg-lcgged with support, could maintain grasp of an 
bbjecti arid v/as just learning to reach for objects. Contractures of 
both clbdv/s and wrists limited his physical skills. He was socially 
very alorti discriminated strangers from familiar persdns, and laughed 
easily during play. 
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Settlriq arid Eqaipmeht 

The study was eonddcted at five preschool arid elementary school 
sites in the Lawrence and Kansas City area (se^ Table 2). The elementary 
school classrooms were for severely multiply handicapped children arid 
were located in special education wings of public elementary schools. 
All three preschool sites were aniversity-sporisored programs. Table 2 
also delineates the persons who carried oat the study at each site. At 
a sfte where more than one trainer participated, the trainers alternated 
sessions ^ubjects 3 and 6) or implemented training for at least six 
consecutive weeks (Subjects 1, 2, and 5). 

Baseline arid training took place in each child's ^classroom during 
the morning school hours except for Subject 4, Loretta, who received 
training in her school's dccupatidrial therapy room after school hours. 
A carpeted area or therapy mat approximately 12 X 12 feet (6.36: X 6.36 
r^) served as the training setting and the followi)?g equipnent was used: 

a) a firm plastic therapy bal 1 , barrel^^ or carpeted barrel, 
35 inches in diameter (91.44 cm, ball commercially 
available from Preston Corporation §Pe 2764 A); 

b) an adult-size straightback chair without arms; 

c) a stopwatch-, and 

d) if rolling was probed, two elastic bands to fit the child's 
waist and chest (see Appendix 4 for dimensions arid directions ' 
for construction) . 

Three variables were monitored throughout the study: postural 
reactioris (equilibrium, parachute, and righting) ^ the ATNR* arid a coor- 
dinated motor pattern .(head erect or rolling). Tcrv consecutive trials 

c . . _ / 

of each postural reaction were measured each s%^on (i.e., daily^ 
rionday through Friday). The ATNR and head erector rolling were probed, 
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Table 2 

Settings arid Types _of Pers(?ciriel Serving 
as Trainers for Each Subject 



Subjects 



Setting 



Trdiner(s) 



1 (Sam) 

2 4Janet) 



special educatidri preschool 



3 (Charlie) elementary school SMH class 

4 (Loretta) occupational therapy room 

5 (Kathy) special education preschool 

5 (Marilyn) elementary school SMH class 



1 0T undergraduate 
student 

1 PT undergraduate 
student 

2 PT graduate 
students 

1 teacher 

2 paraprofessionals 

1 research assistant 

1 teacher 

1 OT. SMH graduate 
student 

1 teacher, SMH 
graduate student 

2 paraprofessionals 



7 (Matt) 



special education preschool 



1 SMH graduate student 



rather than measur;ed each sessibh, to reduce the possibility of reactive 
effects from repeated rneasuremeht (see table 3). 

A session schedule was given to each trainer indicating the s.essions 
in^vhich probes were to be taken and the order in which the postural ^ 



reactions v^re to be trained (see Figure 3). To guard against ah order ^ 
effect , In training^ the daily sequence of equil ibrium, parachute^ and 
righting training was randomized for each subject. The session schedule 



was utilized by recording each date that a sessibh was conducted in the 
left hand column without regard for ciays nvissed due to illness or other 
absenteeism. . • * . 

''^.^ Postural reactions . The equil ibrium^ parachute (another equilibrium 

reaction), and righting reactions are responses of balanci and body 
alignment that are essential ^ according to heurodevelopmerital theory, 
for the development of coordinated motor patterns (Bobathi B.* 1948; 
Bobath, K., 1980; Bobath, K. & Bobath,; B.V 1967} . The three postural 



reactions monitored and trained in this study were defined as follows: 

a) ^ uil ibri u m reaction - The student is seated cross-legged ^ 

in ring-sitting^ or long-legged^ on the floor facing a mirror, 
and supported by the trainer_at the upper trUhk. When gently 
tipped to one side (about 45"*) the subject's arm (of the side 
to which the subject was tipped) will extend and the trunk 
will tilt towards the opposite side within five seconds (see 
Figure 4a). 

b) ^xac^uj-te r^actioft (an equilibrium reaction) - The student 
isprone on a therapy ball and supported by the trainer at the 
hips. As the student ^s gently Hpl led forward until he/she is 
one arm Vs length f ran [the floor, the student's arms will 
extend outward beyond the head , and the hands wil 1 ppisn and 
extend toward the floor within five seconds (see Figure 4b); 

c) righting reactiw (head righting) - t^e trainer is_ seated 
on a chair and the student is supported under the arms^ and 
seated on the trainer's lao. Both are facing the^mirror. 
When the student is gentlyHipped to one side (aBout 45^) , the 
student will maintain or regain a midline head position within 
five seconds (see Figure 4c;. ; ^ . 
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Table 3 

Responses M easured; Type an d Froqucncy of Measprenent 

Rcspbfisos Measured Types of Measurement: 

Equilibrioni ' - 

- ' Scale: 0-3 

Pbstura] Reactions Parachute 10 trials each, totaled 

iali Ihree for each (eO-points possible) 

student) Righting (see Table 3) / . 

Tonic Reflex Probe Asymmetrical Tonic fleck . ' Scale: .0-4+' - 

10 trials -- 
■ ► (see Appendix A) 

Head turn frequency, 

' Head lift frequency, 

Longest duratlon___ 

Head Erect Cumulative duration 

- ... (see Appendix B) 

,ogrdin4ted_;;;otor_Pattern. * ■ 

^robe (^one for each child) _ 

. \ r 

Rolling ' Degrees, rotation 

(see Appendix C) 



Frequency of Itcasureiiicht 



Each session 



Every .third iessidh 



' Every fourth session 




^- Figure Captidh 

_ Figure 3. ' Training schedule fonbwed by each trainer. The 

date was recorded in the left column^ and the information in- each 

_ _ ■ 

column across form the date indicated if i reflex or motor probe 

was to b^ conducted that day, and specified the order in which 

postural reaction trainings^ was to be conducted. 




J 



■ • ■ . ■ ■■ \ 



4? 



subject 1 — 

TRAiNiriG SEQbENCE ' 
f 

No tor 
Reflex P_attern 

^^^^ SesU^ Probe . F^obe . , Trainiruj 

^ : ■ parachute , equi librium,. righting 

^ equilibriam, paracHute, righting 

^ ^ ^ equilibrium, rightfng, parachute 



X'> righting, parachute, equilibrium 

• parachute, righting, equilibrium 

^ righting, equiiibrium, parachute 

^ jf . equilibrian, parachute, righting 

X ■■ parachute, equil ibirium, righting 
^ 'is. righting, parachute, eqailibriurn 

eqailibriUfti, righting, parachute 
parachute, righting, equiiibrium 
X ^ ' ■ righting, equilibrium, parachute 

* ■ righting, equilibrium, parachu:e 
eqailibriom, parachute, righting 
^ equilibrium, righting, paradiute 

X righting, parachate, equil ibrfe^ 

parachute, equilibrium, righting 
^ ; parachute, Hghting, equilibrium 

. ■ , ■ . ... ... 'i^.^ 

, paracliuto, -righting, equilibr^fjiu 

■' ■ . — % 

- ' ^ bqui 1 ibriuin, righting, parachute 

• ^ ' righting, equilibriom, parachute 

Parachute, equilibrium righting, 

rightirifj, parachute . equi 1 ibri oitp * 

-- - , - ^. 

^ X equi 1 ibrium». protective, riyliting 



; 8 

10 

11 

\2 

13 

14 

15 

16 

17. 

13 

19 

20 

21 

22 
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Figure Caption 

_ Figtire 4. Stimulus positons for training the three postural 
reactions, ' ^: 



\ 



Each postural reaction was scored oh a scale from 0 to 3, ''total 
assiitance" to ''irideperideht,'' arid recorded bri a ^ra?ni'hg data sheet' (see 
Figure 5). The scoring indi catetf * the " level of assistance^ needed 
the subject to respond as each reaction was def ined.y^tabl e 4 describes 
the levels of assistance and scoring for each postur^^eaction. 

Measurements obtained for the ten trials of each reaction (alter- 
nating td'the left and right side for equilibrium and righting) were 
totaled arid presented as one score per session per subject. Scores from 
this three pbstUral reactions were totaled because the responses do not 
occur in complete isolation of one another. The situations described 
above to elicit each pdstural reaction wbulp^rompt other postural 
reactions as well. For examplei if a student was sitting on the floor 
and tipped to one side^ the upper trunk arid shoulders would raise toward 
the oppaTrf ^^^^^ Additionally* it would be expected 

that the head would maintain or repositiori to. mjdlirie, a righting reaction 
A score of 90 points was possible for each sessibri (10 trials X 3 possible 
points X 3 postural reactions). Appendix A cbritalris a sample of a 

completed data-sheet, 

_____ _ 

Tonic reflex . The ATNR is a -subcortical (cortically immature) 

motor response that interferes with normal mdtbr resporises. It was 

assessed" 5y a probe every third session. ATNR probes taken throughout 

the- study were measured with procedures from the Primitive Reflex Profile 

included in Appendix B (Eapute et al . , 1978).^' 

An ATNR is illustrated in Figure 1 and was defined as follows: 

When the chilS isi supine he may b lie with head . 

turned to one side* with extensioti of extremeties on that 
side (chin side) , and flexion of the cpritralateral extre- 
mities (occiput side). This may also be noted In sitting; 
it is often described as the "fencer" position. (Capute 
et al. , 1978. p. 38) 
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: Figure Caption 

^' Figure 5- Data sheet for recording five sessions of posturSl 
reaction responses. The number corresponding to the level of assis- 
tance required in each trial was written in the space provided under" 
the numbers from 1 to 10. Scores were totaled for each reaction and 
recorded in the T column; the total score for all three reactions 
: ;was recorded in the TT column; and the interbbserver reliability 
was recorded in the 'R% column. 




equiliDriiiiii 
parachute 

paracf^ule 

eqciliBriuiTi 
n 5/; ting 



Table 4 



Levels of Assistance^" TCdining; Scoring and Definitions of Level! 



^ostu^ai 
Reactions 



Equil ibriuin 



Parachute 
(cqQllibriufl) 



ighting 



ScoreyLevcl 



3/Indepchdent 
2/Cue 

-Ml 

1 /Prompt' 
0/Put Through 



3/Independent 
2/Cue 
1/Prdinpt 
0/Pot Through 



3/Indcpendent 
2/Cue 

i/Proinpt 
O/Pul Through , 



Training Procedures 



No_assisUnce given; the stQdent's ars on the side to'which he/shewaT 
tipped will extend and the trunk will tilt toward the opposite side. 

The trainer saysr tatch jrourself,'' and/or taps'"the stadent's upper 
ami (on.v^hp; Sjide to which the student was tipped); 

. .w. .._ 

The trainer extends the stiiderit'^rm {bh the sitte to which the student 
was tipped). 



the trainer extends the stadent's arm (on the Side to which the student 
was tipped) and tilts the triink iri tKe opposite direction of the tip. 



Hc|^t?sistahce given; thejtudent's ami will extend beyond the head 
and;;the. hands will open and extend to the floor. 

The trainer says, "Reach for, the floor/ and/or. gently taps on the 
student's upper aiti. , 

The trainer extends the_ student's art forward and opens th^ student's' 
hands; 'Or touches theiti to the floor. ■, 

The trainer extends the student's arms t^orward, opens the stadent's 
hands, and touches them to the floor; 



flo assisUnce given; the student will maintain or regain a midline 
heSd position. 

The trainer s^ys, "Pick up your. head," and/or gently taps the side of 
the student's head. 

The trainer lifts the student's head half-way to midline position. 
The trainer ! ifts the child's head to midline position. 
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BEST COP? ftUE 
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^ 40 

■ Scoring ranged from ("absent", reflex did not occur) to' "4+" ("obli- 
gatory," reflex maintained longer than 30 seconds) arid was recorded on 
the ATNR data sheet (see figure 6). Ah example of a completed data 
sheet IS included in Appendix C. 

Coordinated motor pattern . Quantitative assessment procedures were' 
used to probe the coordinated ^notor patterns of head erect and rolling 
• ^ (Foshage, Note 4; Rues^ Note 5; Day, Rues, & Lehr, Note 6; Fritzshall & 
Noonan, Note 7). Head erect assessment procedures (see Appendix D), 
measuring the frequency of head turns and head liftSi the longest dura- 
tion, and, the cumulative duration of head erect, were used as the motor 
pattern probe for children with very poor head control skills (Subject 

2, Janet; Subject 5, Kathy; Subject 6^ Harilynj and Subject 7, Matt). 

_ _ _ _ _ _ _ _ _ _ _ 

The remaining children (Subject U Sam; Subject 3, Charlie; and Subject 

4, Loretta) were probed with the degrees of trunk rotation measure from 

/ 1 _: \ 

the rolling assessment ^rocedure»s (see Appendix E) . Head erect and 
rolling data sheets are presented in Figures 7 and 8, respectively. A 
sample"'of a completed cl?ita sheet for head erect is in Appendix F arid for 
^ rolling is in Appendix, G'.^ ^ * 

» Training Procedures - 

Dne compbrierit of NDT, faci 1 i tatirig postural reactions, was conducted 
for each subject by a trainer eacH daily session (H.e., Monday ^Jh rough 

- - ' '*rif '' ' 

Friday). A four-step "levels of assistance" strategy (Lynch, Flanagan, 
S Pennell, 1977; Child Progress Monitoring System, Note 8; and described 
in studies by Banerdt & Brieker, 1978; Horner & Keilitz, 1975; <3*Brien & 
Azrin, 197E), sequenced from indepe.ndent with no intervention from the 
trainer to total assistance with complete physical guidance from the 
trainer, was used to operational ize "facilitation" as the training 
procedure' for this study (see Table 4). Levels of assistance training 
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Figure Caption 

^ Figure 6. Data sheet for recording ATNR probes for five 
probe sessions. Trials were alternated to the right and to the 
left sides. 



56 



DATA SHEET 2 
Tonic Reflex Probe 



Stucient - 
Date 



Trainer 



left 
right 

left 
right 

left 
right 

left 
right 

left 
right 



Trials 
1 2 3 4 5 



Rel iabil i ty 
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Figure Caption 

_ Figure 7. Data sheet for recording one session of. a head 
erect probe. Hea^ turns and head lifts were tallied; each duration 
greater than 2 seconds was listed and the logest duration was 
eireied; and the durations listed in the third column were summed 
and recorded in the fourth column. Upper extremity weight bearing 
was riot assessed. ; 
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I'M: mimiii 

OBSERVER(S): SETTING: 

■Code; f - no anil support 

- props on brie forearm, etiier arm no, support • 

■/v/ - props on forearms 

//- props on forearm and one 

II - props on extended arms 

R - right ami 
' L " left arm 



DATE: 



arm 



_ _pD ER[CT DESCRpORS _ 


UPPER E)(TREMITy:WEIGHT BEARING DESCRIPTORS 


Reliability 


Head 
Turns 


Head 
Lifts 


Duration: 
Longest 
Head Lift 


Cumulative 
Duration: 
Head Erect 
or : 


R L 


R L 

* * 


R L 

n 


8 L 


r L 
V 1 


R L 


R L 


i 






f 

r 












• 






Total 


























Figure Caption 

- Figure 8. Datd sheet for recording one session of a rolling 
probe. The degrees of trur^k rotation was circled under the 'second 
column^ the body part leading the rsl} and the amburit'of ■rriobility 
was not assessed. " - . ^ 
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reasorevoht of the R61 i ifH^-R^^^e fro.n Prone: Suoinn 
^ - " Evdiuator' 



bjte 



Observer 



Descriptors 
R - rjgbc ] 0 - orange (0:ii.2j°) 



S : supino I . left i B - iiue''' (II lis^Je^s^) 

fi - red (22.5-<I5°i 
: W - white (over 45°) 



, SL- si dely incj. 



SH - shoulder • 
PE - pelvis:. 

R ' reliabil i t^ 



Trial TniiiiV Rotation ,^°^r^^^^. 

i Leading Roll 



y 



P over R 



P over R 



P over L 



P ever t 



{SL L fib S) 



over R 



(SL R to P) 



S over L 



- S over L 



(SL L to P) 



0 B R W 



b B R W 



0 B R W 



O B R U 



'0 B R U 



0 . »B R W 



0 B R W 



SM Pi 



SH^ PE 



SM PE 



•SH PE 



SH PE 



SH PE 



SH ,PE 



-mW- . : 

0 B R H ■ SH PE 



b B R W 



O B R U 



0 g R W 



0 8 R R 



SH PE 



SH Pf 



SM PE 



SH PE 



:Mbbility 



21/4 



less 

i/4 
n/4 

2V/A 
less 

in 

11/4 
21/4 

less 
1/4 
11/4 
21/4 



,tha^ i/4 roll 
1/2 -3/4 
n/2 Jjr/4 
21/2 23/4 

than i/4 roll 
i/2, 3/4 
}\n^ 13/4 
2l^e 23/4 

s tWan' 1/4 roll 

4 1/2 3/4 

« 11/2 13/4 

4 21/2 23/4 

s than 1/4 roll 
4 1/2 ->,^4 
4 ll/2'.:*^3._ 
4 21/2 A 

s than 1/4 roll 

» 1/2 3/4 

J 11/2 13/4 

» 2 1/2 23/4 

; than i/4 roll 
i 1/2 3/4 
i U/2 13/4 
i 21/2 23/4 

> than. 1/4 roll 
1/2 3/4 
11/2 13/4 
21/2 23/4 

than 1/4 roll 
1/2 3/4 
11/2 13/4 
21/2 23/4 

tinri 1/4 roll 
1/2 3/4 
11/2 13/4 
21/2 23/4 

than 1/4 roll 
t 1/2 3/4 
ii/2 13/4 
21/2 23/4 

than 1/4 roll 
1/2 3/4 
11/2 13/4 
21/2 23/4 

than 1/4 roll 
1/2 3/4 
11/2 13/4 
21/2 23/4 



1 roll 

2 rolls 

3 rplls 



1 roll 

2 rolls 

3 rolls 



1 roll 

2 rolls 

3 rolls 




1 roll 

2 rolls 

3 rolls 



1 roll 

2 rolls 

3 roils 



1 roll 

2 rolls 

3 rolls 



1 roll 
Z rolls 
3 rolls 



1 roll 

2 rolls 

3 rolls 



1 roll 

2 rolls 
rolls 



1 roll 

2 rolls 

3 rolls 



1 roll 

2 rolls 

3 rolls 



Mean R per session 



BEST GdPY AVAflABLE 
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wa/ selected because it parallels the descriptions of facilitatibh 
techhiques in the NOT literature (e.g., Bobath, K. & Bobath, B., 1967) 
and. yet is a fairly standardized training procedure in the education of 
severely handicapped children. * \ ; . 

. Daily sessions cons^ted of ten trials for each of the three postural 
reactions. Each trial began at the independent level (3), If the child 
failed to respond within five seconds, the trainer provided the next 
l^vel of , assistance, a verbal cue .(2). Training continued in the samS* 

J __ X - - - - ..- . - - - : . ' -• * * * ■ 

manner throughout the remaining Ifevels ^f assistance; if no respiDnse 
occurred within five seconds' of the stimulus, training moved to the next 
level. When a correct response occurred at any level, verbal and social 
praise wis given. and training proceeded to the next trial at the inde- " 
pendent Jev.el of assistance. ^ 
ExperiMnentaV'Bes iqn ^ 

A multiplfi baseline design (Baer, Molf, & Rislef, 1968; Hersen & 
Barlow, 1976; Sidman*, i960) across two subjects was replicated three 
times (see Figqre 9). Subject 7 (Matt) was not incjiddediin a multiple 
baseline because the subject he was paired with was 'eiccluded early in 
the study due to poor school attendance. . 

^ ' Baselirie . f he rjaasel ihe was the initial, condition. Opportunities 
to respo^nd for the postural reactions vVere given only at the independent 
level of assistance; responses at the other levels' of assistance would > 
have constituted trailing. Two scores were possible for each trial: 
"3" for an independent , correct response^ and "0" for no response^ or an 
incorrect response. Probes o^^h ^A TfJR and head erect or rolling were 
conducted accoKding to the procediires specified in Appendix B, D, and 
'respectively. Verbal and social praise ^were given ndncdntingently and 
for cooperation during the baseline condition. 
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Figure Caption 



- Figure 9. Multiple baseline across tvi^ subjects; postural 



reactions were trained for each subjed.t, ajw^ the ATNR and' a rnotor 
pattern 
twice. )^ 



pattern were monitored with probes. (The design was ,.repl icated 
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i - . "• '. . . ■ K • • ■ ' 

Baseline was- tenninated for the children in the first legs bf the 

• - ., '. -^■^^ -- - . X . - . ; -• 

multiple baselines (a^i^ Subject 7} when tine postural reaetiori data were 
stable and i.nttninium of three data pbirits were cdllcted for the ATNR and 
coordinated motar pattern probes (a minimum of twelve sessions). Baseline 

was terminated and training was ihtroduced to the remaining children 

- - - - - - - - - . - 

when the training condition data of the child each was paired with 

stabilized, or when a trend In the data was clearly evident. 

^ ^ining . Once the training condition was Introduced, rieurod^velop- 

- --'0'^- - - - - . 

mentat^"facilitation" of postural reactions was conducted each Session 

^ _ . _ . _) 

as described on page 44; the training procedure was directed at improving 

_ J . . _ _______ _ • 

equilibrium, righting, and parachute reactions. . ' ' 

' • . 4 

Jteliabi414y 

Interobserver reliability data for each subject were collected on 

the postural reaction measures approximately once a week, and at least / ], 

twice during the study for the probes (ATNR and coordinated motor patterns). 

If more than one trainer was used, reliability was taken at least twice 

with each trainer across each measure. The investigator served as the^ 

reliability observer. . ^^ . 

'Pliability was calculated separdt^ely for WSh posturcjl; rk^^^ 

reflex, and motor patterns probe- Postural reactibn and .AtNR rStY^^^ 

scores were obtained by dividing the total number of agreements t(y the ' ' 

number of agreements plus disagreements, and muTtiplying By 100: \ 

total agreements » ,qq 

agreements + disagreements ' . 

Directions for computing reliability for the cboT'dinated motor patterns ' 

are included in the procedures for measuring head erect and rolling in 

Appendix D and E. 
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Data Analysis 

Results were evaluated by using both wi thin-subjeets arid group 
' analyses Of the data. The major portion of the arialysisj wUhin-subject 



comparisons, was accomplished by using visual' analysis* descriptive 
statistics, and a nonparametric t;est arid correlation eoeffieient. A 
group coiTiparlsori of the baselirie condition to the tralriing condition was 
made using a ndnparametric test with mearis arid with slopes. 

Hithin-subject . Postural reactibri and probe (ATNR and coordinated 
motor patterns) results were graphed for the visual analysis of the data 
(Parsonson & Baer, 1978} (see Figure 9), Least squares regression lines 
calculated with the TI, 55 Texas Ijistrumerit hand calculator were fitterf 
separately to the baseline and training data to assist.iri the interpre- 

___ ____ ■ . ^ • - ^ . : 

tation of the results.^ 

Baseline and training conditions were then compared fd^ differences 
of level and trend in the data. Each of the three repeated multiple 
baseline designs and results from Subject 7 were evaluated for a systematic 
replication of training effects across each subject. The mean, standard; 
deviation, and the slope of the regression line were reported as descrip- 
tive statistics to aid iri the visual evaluat^n. 

ATNR and" coordinated motor pattern probes were each correlated with 
the postural reaction data of the.training condition within subjects.' ' 
Ken^dal 1 'S tau (Bruning & Kintz, 1977; Conover, 1971) was calculated for 
the coeff iei|5ffr'of eorrelatibri. . . : . 



V The Manh-Wh^i tney U-Test (Bruning & Kintz, 1^77; Conover, 1971.) was 

1 

run to cbmpare the baseline arid treatment conditions for ea(:h subject. 
Difference scores, rather than obtained scores were used for this analysis. 
Ttig scores were derived by the following procedure: 
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aj the least squares regressidh line was fitted to the 

basel ine data and extended through the training dataj i 

b) The point on t^ift.^ regress ion line ebrrespdhdirig to the 

X'T-yalue of eticfr trt/^erved score in the baseline arid : * • 

training conditions was obtained using the fdlldwihg 
formula: . • 

Y = bX + a ■ .\ 

. ^'W.here ^ is the slope of the baseline regressiori line* 

' . . '_ ....... : 

and ^ Is the y-intercept of ^he line; 

c) Each calculated point was then subtracted from the 
\ - obtained score that corresponded to its x-valiie td-; 

derive 'a difference score, 
if there was no training efcfect, the difference scores in the baseline 
and training condi tions were essen-tial ly thevsame. 

fir&u£. A l^ilcoxon Signed Ranks le^st fBruning S-Kiritz^ 19775 Cdriover^ 
1971) was run to compace^ basel jne,.^^^ training ,condttions for the ;g?dUp.- 
The test was ruri^twi^e:' the'^^ r^^?tlTle, the':means of 'eac^ cdjiditibn fdr 
each subject were used as. the data; and the, second timei the sldpes of 
the regression lines in each tondition were used. . ' 
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-CKAPTER IV 



RESULTS 



gel iabil ity 

Mean interobserver reliability scores across sessions^fior each 
child are listed in Table 5. Across children, mean reliability ranged 
from 38.3% to 100% for postural reactions^ from 75.7% to 100%- for the 
ATNR probes; and from 76.5% to 100% for the motor probes. Mean reli- 
ability scores for each postural reaction measure across subjects were 
al l above 97%, and total mean rel I'abil 1ty across subjects arid postaral 
reactions was 98.2%.. For the reflex and motor probes, rnean reliability 
scores across subjects were all greater than 94%. Appendix R contains 
the interobs^ver reliability scores for each subject per measure and 
per session. . . • 

W1 thin-Subject Data Analyses 



A visual analysis of the data is presented first for each subject 
(see Figures Id through 20). Baseline and training conditions were 
compared with reference to level arid trend of the duta; Descriptive 
statistics were used to aid in these analyses. Results in the training 
condition were then compared to the probe data for similar or contrasting 
effects; Finally, the overall effe^t^of training on the postural reac- 
tions was evaluated across the seven subjects (see Figure 21). 
•^l^ Two nonparametric statistical analyses are described for each 

subject (Brunirig & Kintz', 197f; Conover, 1971). A MannrliltiiVtriey Test 
with difference Scores (derived from the actual score^-lrid.Ehe carres- - 
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■} • Table 5 



Mean Reliability 'Scores Across Sessions , \ * 

by Measure for Each Ehild 



h ^ : 




- ■ 


Postural Reactions 






Proies 




PI* • 

Subject 


Equilibnliiii 


Parachute 


Righting 


Overall 


• ATNR 


Hearf Erect 


Rolling 


1 (Sair.) 


97.3 


98.3 


88.3 


95.,r. 


. 96 




— J- 
' 89.6 


2 (Janef) 




■ 100 


100 


100 . •-. 


J ,100 


; ^100 , 




liCharlie) 


.1QQ_ 


M ■ 

j 


100 


_ y . 

1^0] : 


• ,96 . 




100 • • 


4 (Lorettaj : 


... 97.3 


■ 


,96.4, 








"92.5 

I' 


5 (Kathy) 
5 (Marilyn) 


94.2 
100 


'lOO ' 
189 


97.5 

100 




^^100 ' 
76.7 


76.5 

100 


■ ^4 • . 


7 (natt) 


100 , 


106 


,9S;7 


. m 

- - \y 






loo''..- 




Mean per 
■lea sure Across 


98.4 , 




'97.3 


: ' 98:2 . 


I. 




9.4. . 



Subjects 
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pdridirig points oh the regression line frdrn the baseline edhditidh) was 
used td compare the baseline arid trathing edridit^dris of each subject. 
Keridall's Gorrelatidn Eoeffieiant (tauj was calculated to compare the 
pdstUral reactidri data td each set df probe data duririg the trairiirig 
conditiori. 

Subject 1 (Sam) and Stfbject 2- ( Janet) . Figure 10 illustrates 
fairly Idw^ slightly variablfi^^ arid relatively stable pdstural reaction 
scores far Sam (Subject 1) duririg the baseline condition. A slight, but 
immediate iricrease in leveldf the postural reaction data occurred when 
the postural reactidri trairiirig cdriditidri begari, Duririg' baseliip, the 
meari level df total pdirits was 8.25^ whereas iri trairiirig it was greater , 

at a mean of 2_2.52 pdirits. Adtl^i tidrial ly^ the trend of the regression 

^ ■ ' . _ . _ __ 

line fit td the data changed from a ddwriward sldpe df -.20 duririg base- 
line, td an Upward sldpe df .22 duririg trairiirig. Variability was much 
greater iri the trairiirig'cBrTditidri arid^ylelded a staridard deviatidn of 
10.79, compared to a baseline standard deviatidn of 2.89, 

Figure 11 preserits the pdstural reactiori data separately for the 

equilibrium* parachute^ arid righting reactidris fdr Sam. All three 

^ ■ ... J* . . ■ _ _ . 

behaviors increased in level, variability, arid trerid. Mdst df the 

improvemenr occurred in the equilibrium response. , 

ATNR probe scores increased in intensity over the course of the 

study (see Figure 10). initially, consistently high levels of 2+ (partial 

reflex posture) were recorded. Following session 60, however, 2+ responses 

no longer occurred, and 3+" scores (full reflex ^posture, but not obligatory) 

were noted with increasing frequency. The improvement in postural ^ \ 

reactions v^/ere accompanied by an increase in the level of ATNR responses, 

^ • • : - 

7J 



Figure 10. Postural reaction, ATNR probe, and motor pattern 
probe data for Sam_tSi^ject 1) and Janet- (Subject 2) across 
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Figure Caption 

Figure 11. Individual postural react-ion data for equili 
brium, parachute, a-nd riglrting responses across sessions for 
Sam {Subject 1) , ^ * \ 



Degrees of trunk 'rbtatiori measured in the rdllihg motor pattern ^ 
prdie* increased slightly thrdughdtit .training (see Figure IQ), Zero 

degrees - 22.5° of trunk rotation was recorded for five of the eight 

• _ _ • .-^ 

rolling trials ih;edeh of the first two proBes during the training 
condition, Fol lowing those first two training probes, 22.5° - 45° of 
trunk rotation was the ..more frequent and consistent response. The 
highest frequency of 22.5° - 45° rotat^^^s 5, but this same frequency 
was also noted during baseline. v 

A Maan-Whitney Test (see Table 6) produced a z-seore of -5.10, 
significant at the .05 level using a two-tailed test. Kendal 1 's/Tau 
(see Table 7) correlating the ftTNR probes with the eorresjDbndi no 'training 
scores were all less than ±.39. Xau^fdr 0° 22,5°Vl!^n ing rdtation was 
relatively high at -.73, but much less for 22.5° - 45° (tau ^ .12) and 
45°.- gO^/(tau.= .52). . ^ ■ z/' ^ 

^Janet's jipsturaT reaction data were at^zero or close to zero through 
bu^ baseline (see Figure 10). Sessions 63 and 65 were the only sessions 
iri which she sppred above zero^ lU of the sessi5^rTsA In training, mean 
total points increased from a. baseline level of ^.67 to a training level 
of i.43i and Janet scored above zero 57% of the sessions. Trends in 
data for both conditfons were very slight; the regression line through 
the baseline data had a slope of .06 and the line thrmgh training had a 
slope of -5oi. Variabil 1 ty .was negligible in both' postural reaction 
'ba^elinev^d tratnirtg conditions. > ^ 

Postural reaction^data are presented^tn greater detail for danet^in 
Figure 12. Baseline and training conditions had Consistently^ lower 
scores for the equilibrjuni response;rhowever,- al 1 resporrding greater 
than a score of zero occurred during training. There was no change in 



Mahn-Whi they U-f est ^ i 
Comparing Postural Reactibri Baseline to Trea'tmeet^^ 



Subject z-Score 



1 (Sam) : -5,10* 

2 (Janet) NA'. 

, » . '" -,• 

3 (Charlie) - . Hk' 

4 (Loretta) ■ ' 4.75* 

5 (Ka%) -5.10* 

, ■ r* 

6 (Marilyn) 5.68 

7 (Matt) ■ -.99 



*^Sigrjif icant at .05 Level , 
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Kendall's Rank-Order eorrelation eoefficient (Tao) 
Cbrriparirig Postural Reaction Training. to the ATNR Probes and Training 

- . - - - ^ . r 



Subject 



x^core^ 



3+ ^2+ 



1 + 



Rolling .Rotation Scores 



0-22.5' 



22^.5^45^' 



4S°-90^ 

♦J 



90°+ 



Read Erect Scores 

Cumulative tifts 
Duration 



1. fSani) 

2. (Janet) 

3. ' J. (Charlie) 
4!" (Loretta) 
5. ■ (Kathy) , 
5. (Hari 

7.- (Matt) \ 




15/' 



-.17 



.73 

,05 
82 



.12 



.31 

-.82 




,52 



= .06 



-.31 



.52 
'..39 
.60 



..17 

.67, 

.22 
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Caption 

Figure 12. Individual postural reaction data for the equili- 
brium, parachute, and rightihg responses across sessions for. 
danet (Subject ^) 
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rjeaetion dciring the'study; all base! ih^ arid trairiirig- 
zero; The only poir\jb$ scored during baseiiri||S^,e scored 



the pa?a 
•"scores we 

foifcthei righting reaction^ just ^prior to implem^ting the^fSiriing 



The 



4 




est score in ^the ' traifi^ing corvditien for righting was less than the 
highest score (9) recorded in the-baY^ine condition, ^' 
ATNR probes remained relatively stable^at 3+ (fojl reflex posture, 
but not obligatory) tliroughdut the studjc except for ^sessWn 48 When 3+ 
occurred five"' times and ho measurab.Ie response was observed for the _ 
other five trials of that session (see Figure This lower ATNR 

seore^eurred just previous to the two pbsttirat faction baseline 
sessions in which total ; pdirits we»^e greater than zero.' 

"Head erect indtor pattern pr(Jbes in Figure 10 ind'aca ted verV--K5w 
"^ levels of head erect duration^ f^ad tUrns^ ah^ head lifts.. Levels of 

behavior were sl,ight1y higher dUrtrig basel ir\e Wi tti 21 seconds as^i?H€ 
. l*ongest elufation arid Ibriggst cumy|^tive duratibn^ and 5 head^lifts as 
|the gre|[t^st ^frequen^j^ of hjead lifts or head-:;- turns durjng tVe recording " ^ 
VperiSMd of 180 secondsv > i 




4^ 



Jtie MaRfi-Whi tney teFT^as run to compare Janet' ^ ^6sti J ral reactJTon 
baselinl^and treatment scores, but the lack of variance in th# baseline 
data distor^ted; the test. Therefore, ^ the z-scorei from that 'teSt-.wa^Miet 
included "in Table 6. As a substitute analysis^ ^a chi-squcire test (BrUriirig 
& Kintz, 1977; Conover, 1971) was run to de^ermin^tf the probabll i ty of . 

the l^hiber of scores higher than zero in the ba<^€T>he condition in 

■ - - : . • : 

comparison to the treatment corrdition was greater tfjian 'chance. Chi-square 

f . - - • « ^ - ' - - - # >; 

with 1 degree of freedom and Yates* correction (because some^xpected 

w - .-, - < 

• . ...... ... . _ _ . _ 

ceH frequencies were less than 10) was equal to. 3,6 and w^ n^t signifi- 




cant at the. ,05 level for |i 
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detehriiried for cdmparihg the postural reaction..train1ng data to either 

. . .^ . : . ■ - - 

of the probes because there were not enough prob§J:.data for* the computa- 
tions. , • V ' 



Subject 3 (Charl t^^-aTid-Suj^ ject 4 (Loretta) . Ir^ Fi^gure 13, Charlie's 

postural; reaction baseline was stable at zero for. all sessions. Shortly-:^ 

-J '-i - ._. 

after the training condition began, tvyo. sco.res .g^reater than zero were 

: . - • •• ""• o.^ ■ 



recorded (session 39 and 4d)i''4nd 'dunilg appro^^^^ t^felsist third of 

the training, several scores greater than zero w»re Recorded Jfrom 



session 8? to the end ^ trainin 




The highest total score recorded 

during tra1nti^.>v«ls 3. The mean total points, standard deviation^ and 

slope of #ie regression line were all ^very low: .20, .57; and ^.01, 

respectively.^ - ■ ! t ' - ^ 

•Figure 14 shows that brily one Score greater than- zero^ occurred >n 
. -- ' . ' \ - ■ 

traininlf for the equil 1 briurti reaction' (session 39). Total poirjts* fir 

' * S ^ _ ! ■ _ " 

the ^ara^hute reaction remained at zero across training sessions. 



of the J^w^ari ability noted among Eharl1e*si|)bstural reaction training 
data in Figjar^e J3 was: found in the righting r^aetlih data displayed in 
Fi-gure 14. ^ : / ' - ^/■ .. ; ^ 

'J'*' * Probe data for the- ATNR were triable and no^'^tr^ to' the data wa$^ 



ev id^nt\for^^arTTe^^.(si*^ Figure 131^^ Only scores o^3+ (full . reflex, 
posture, Nbut not oWigaE^y) "were recdfjdeA ar 
from 2'tO'lO per ^fobe session. -jrThe variabij-i^^.of tha. reflex drt^^itl^/ 




'^mt appear to Yelated to the variability of the pdstUr^.l- reaction data. 
^^ITpl Ung: rotation measure^^fk^parl ie's motor'patterff probe was 
fairjy^stable (see Figure 13) - ^^1 1 responses qeedr<reH^t a frequency of 

or less.'' Zero degree^^- 22.5^tetatid decn^sed, Whi3e 22.5^^- 45^"^ ^ 
and §9*^ rot^tiori^^iricr^sej^ sl|^^ aQj?ess-^6aiitTn^a training se^?t^£ 







/ 




Figare Caption 



F.igure 14, i/idi vidua! postural //react-fen^^^^^ for the:fqUili 



brium, parachute, and nghtingT-'responsei'-i^acro^^'^ sessions foV. 



/ Gbarlie (Subject 3). ^ 







There ,w3s rid obvious relationship between the 
the rolling lilo\:dr pattern ''probes. 

The Mann-Hhitney Test was not reportid for Charlie In ?^ible 5. for 

same reason it was not" reported for Janet (Subalct 2); the r^i 

m^i^ - - - - ^ ■ - . - - - 

test was distorted due to the lack cyf var^'ahce in the baseline data 
-^chi-square with 1 degree of freedom and Yates V correctional elded a 

test statistic of .72 that was hot significant at the iBS^ leveJ for a 

^ _____ _ ______ _ _ ^ 

two-tailed te$t; the probability ofVthe scores greater than zero occurring 

In the training condition was fig better than chance 




Low cprrelation pcJefficientp resulted frofn comparing postural 



j^eaction training da^ta to the 




prdvbel- and th,e r^l 1 ing^probes. Tau : 
was equal. to<. 03 freqiifenps^'^bf the 3+ AT^JR^prbbe«$ithe' btily Ktm'"^ *- 

level scored by Charl ie) , and tau -ranged from -.06 to .31 Jcrbss the ' ' 

.____ '^^_ • __L _ __.'._■■ _____ ^ . V • 

four -rolling rotatioti^ scares (see Table 7). r 

A gradually decreas'kg baseline ^= -*08) witli" a ineah of 6.27 ^ 

'_ ._ \ _ _^_ ' 

hairacterized the posturarTeaction data for Loretta (Subject.4) (see 



iaure 13). Training data* In dtRtitast* Inc'reased at a slope of 1.43 

l-. ^ -- - - - - i- ' ^ ' ' ' - -- - 

^escrlbecT by the regression lin^ 

84) to almost the tota^ ^ints pp^%^ 



nged from^a score^of* 15 (s^sion 

_ _ • ■ f__ _ 1— _ \ 

tfr'a^-jsccJre b|f^.80^(se^kkion 



103). / The trc^ining c-oncj^ltion <^^n totj 



VariaBili^ 'w 



/ ^ also greater du^'ng fining. (s.d_. = ^2.g5)^t^n isr i^el inp, (s^^ , 



j*|Wre ^ 1: 1 ustra tfcs ^thaf)Lo retf a ' s slferes tlilF^I^^Sib^^iimi ^ 
y ' reaction wereUypi'cal ly^greJter Than zert) duri^'-taspl^^ and .r^jsMSwJry i 
quicklj' in tl^ training condition. Parachute an^|&^^1^ rej^io^s^ 
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Sp- "^were^ predominantly" a t-^zero during the^-baseli'nef condi^^on i^t^^Mc'r^t^ 
k / •;' gradual li^ th^rftbe e.guilibri'am rea<?tfon.VAir-t^e|rpo$|u)'al 1^ 
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Figure Caption - 
Figure 15. Individual postural reaction data for the equili- 
briumi parachute, and rigRting responses across se.ssions for- 
Ldretta (Subject 4). ' 




tidns^ however^ reached the level df total possible points or were very 
close to it, . . ^ 

Scores from the ATNR probe were stable at 3+ (full reflex posture^ 
but i>ot obligatory) with a frequency^of 10 responses throughout baseline 
and training -(see Figure 13). This stability did not show a relationship 
to the increasing trend that occurred in the postural reaction training 
data. ; • • . 

Degrees rotation in rol 1 ing .changed slightly during the course' of 
the study (see Figure 13), Zero degrees - Z2.5° rotation increased one 
increment, and the greater amounts of rotation, 22.5° - 45°faild 45° - 
90'', each/decreased. The overall degrees of rolling rotation was assessed 
to be slightly less during training t)fen during baseline. 

As seen in Table 6, a z-score of 4.75, significant at the .O^level 
with a two-tailed test, was calculated with a Mann-Mhitney Test comparing 
the postural reaction baseline to train-ing, Kendall's Tau could not be 
used to describe the relationship among*the postural reaction training 
data atid the ATNR probes because there was ho variance in the probe 
data. I^ikewise, tau was not derived for comparTng postural reaction 
training and 45° - 90° rolling rbtatidri. Tau was equal to .82 and -.82 
respectively for 0° " 2|^5° rotation anb 22.5° - 45° rotation (see Table'^ 
7); , 
Subject 5 (Kathy) and Subject 6 (Marilyn) . In Figure 16, Kathy's 
pdsturaj reaction baseline data Remained less than 10 points (with a 
mean of 1.75) and had a regression line with a gradually decreasing 
Irend (m = -.24). When training began th&re was an immediate, bufe^ 
slight, increase in level and variability. The mean (3.79) arid standard ^ 
deviatidri (3.01) of the postural reaction trairiing condition were both 



- Figure Caption 

Figure 16. Postural reactibhi ATNR probe, and motor pattern 

~ . . . _ . .... ... . . . / . \ . 

probe data for Kathy (Subject 5) and 'Marilyn (Subject 5) across 

sessions. 
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greater than the corresponding statistics for the baseline condition {% 

= 1.75; s.d. = 2.01). Additionally, the negative slope of ; the regression 

line In baseline changed to a positive one' in training, although it 

still remained very slight (m » .05). # 

Postural reaction data broken down^Xnto the three reactions of 

equilibrium, parachute, and righting are presented for Kathy in Figure 

17^ Equilibrium was stable at zero throughout baseline, and increased • 

slightly in level and trend immediately when the training Was introduced; 

TotaT points decreased to near balaHrre^evel midway through training 

(sessions 50 thr&ugh 81), but the training condition finished bff with. 

an increasing trend (sessions 82 through 131). Total points for the 

parachute reaction were at zero throughoat all sessions oKbaseline and 

training i Righting reaction data accounted for all the variability 

during the postural reaction baseline. Data followed a decreasing trend 

during the righting baseline and a slightly increasing trend in the 

training eohditibn. , 

» _ 

- — - ^ ♦ 

Probes of the ATNR were consistent at ten 3+ responses (full reflex 
posture, Sut riot obligatory) for each probe session (see Figure 15). 
The complete lack of variability fri reflex data did riot cdrrespdrid to 
the variability of the postural reaction data during the trairiirig cori- 
ditidri. ^ 

Iri Figure 16| longest head erect duration^ oumcrhative duration^ arid 
head lifts increased during trairiirig uritil session 100, after which all 
three decreased. The increase followed by a decrease did ^not relate to 
the trend of the postural reaction data. . . ' 

A Mann-Wfiitney z-score of ^5.10 was obtained for Kathy (see Table 
6). Kathy *s training condition was significantly different than baseline 



Figure Caption ^ 
Figure 17. Individual pdstUral reaction data for the equili- 
Brium, parachute, and righting responses across sessions fbr-.Kathy 
(Subject 5) . * . : 
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at the .05 level for a-, two-tail e^l tpst,. Kendall 's Tau was not used to 
correlate the ATNR probes with the postural redctidn training cjata 
•because the probe data were without Variance. Correlating head erect 
with postural reaction training data, tciu for cumulative duration was *• 
equal to .52 arid, for head lifts tau was equal to .17. ? 

. ■ ^ .... ... ' 

• : • Postural reaction data were at zero for Marilj*n, except for .sessions 

' . _ . ___ V . ... . .__ J _' \_ _ . . 

island 21 (see Fig^jre 16). The baseline trend wgs negative ajid minirnal 

(m = .62). Training was very similar to the baseline condition with^^ ' 

three data points greater than zero^ and a regressiofi l ine slope of / 

-.005. \ - 

I* 

Figure 18 indicates that all points scored in tire postural reaction 
data occurred for the righting response. The highest scorp during- 
baseline was 6 points, and ^e highest score during training was 3 
points.^ , , ' 

ATNR scores were highly variable (sSe Figure 16). Marilyn scored 
several 1+ responses (increased tone, no change in posture) up^until 
session 98, after which the 1+ score was absent. The scores of 2+ 
(partial reflex posture) and ^ (full^ref^x posture, but not obligatory) 
occurred variably; 2+ ranged from a frequency of 1 to 5, and 3+ ranged 
from 1 to 9. Variability in the reflex probes did not rfelate to the 
relatively stable data of the postural reaction training condition.^ 

Head erect behaviors were also variable throughout ^^he . study '(see 
Figure 16). All levels of responding were Ibwrarid. head erect behaviors 
frequently did not occur during the probe sessions. The longest ^cumu- 
lative duration of head erect was 44 seconds out of a possible 186 
seconds (session 167), and 7 was the largest ndtnber of head lifts recorded 



during a 180-secbnd probe (session 

1 



^ Figure Caption 

Figure 18. Indi vidualx{bstural reaction data for the equil 

brium, parachute, and righting responses across sessions for- 

• ' * 

Marilyn (Subject 6) . 
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Marilyn's z-score frbni the Manh-Whitriey Test was 5.68i significant 
at the .05 level fqr a two-tailed test {see Tabl% 5). For Kendal Ts 
Rarifc-Qrder Correlation Coefficient (see Table 7), ealeylate^ to ebmpar^^^ 
postural reaction training data to the ATNR- probes ^ tau was equal to -15 
for 3+, -.15 for 2+, and -.73 for 1+. Kendall's Tau was .39 for head 
erect cumulative duration and .6? for head lifts; 

Subject 7 (Matt) ,^ Postural reaction baseline data were stable at a 
mean of 14.25 for Matt (see Figure 19). During the training ccQditlon^ 
the variability gradually increased (s.d. = 5.22) as the trend rose (m = 
.32). Mean total points for posturaT f;^«tctions during training was 
19.23, slightly higher than the baseli^^e mean. 

Figure 20 illustrates that the baselines of the equilibrium and 
parachute reactions were both stable at zero. Equilibrium scores remained 
at zero throughout training, whereas, parachute data increased until 
session 49, after which it decreased and eventually returned to zero 
level. Righting reactibri data were stable but somewhat variable during 
baseline with a mean of 14.25 and a standard deviation of 2.25. The 
data were stable fdlldwihg the initiation of treatment until session 38 
when the trend began to rise somewhat sharply, 

A, 3+ score (full reflex posture, but not obligatory) at a frequency 
of 10 responses vvas /consistent throughout baseline and training for the 
ATNR probe (see Figure 19). The stable probe did not relate to the 
gradually increasirtg'sfrend of the postural reaction training data. 

Head erect data were variable and without an obvious trend through- 
out the study (see Figure 19). Cumulative duration reached 180 seconds 
(session 41) and the longest duration was 40 seconds (session 56). Head 
turjis were infrequent, and the greatest number of head lifts was 20 
(session 41). ' . . 
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.Figure 19. .Postural reaction, ATNR pKdbei and motor pattern 
probe data ^or Matt (Subject 7) across sessions. 
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^ Figure Caption 

_ Figure 20. Individual postural reactioTT^data for^the equili 
brium, parachute, and righting responses across sessions for Matt 
(Subject ?)• ' ; 



ill 



In comparing the baseline to the training condition for the pdstural 
reactions, the Mann-Whitney z-score was* -.99, not significant at the .05 
level for a two-ta^lj^d test (see Table 6). Kendal Ts Tau was, not used 
\ to correlate; the ATNR probes to postural reaction jata because the probe 
data were without variance. Tau for postural reactions and cumulative 

duration .of head erect was ;6d, and for head lifts was .22 (see Table. 

'. ■'' < 

• _____ 

Overall posturaj^eaction results. Figure 21 displays the postural 



|reaction ba5eline and ta^aim'ng data across all seven subjects. AM*- 
basel ine condi tions were relatively stable with standard deviations 
ranging from Q (Charlie, Subject 3) to 3.41 (toretta. Subject 4). 

_' ' V _^ _ _ 

Baseline trends were either negative, or if positive, very slight \^ith 

regression line slopes no greater than .08 (Matt, Subject 7). Mean 

total points were greater in the training condition than during baseJine 

for all subjects exaept Janet (Subject 2) and Rarilyn (Subject 5). 

Marilyn was the only subject with a negative trend for the ^ression 

. _ _ _ ^ _ • 

line fit to the postural reaction training data. 

Sam (Subject 1) and toretta (Subject 4) showed the most marked 

contrasts in comparing training* to' baseline (visually). The training 

conditions of the remaining( children (Janet, Subject 2; Gharlie, Subject 

- V - ----- 

3; Kathy, Subject 5", Marilyn^ Subject 5; ahd-Matt^ Subject 7) ware not 

'i. _ . 

clearly different from their baseline cbhditibhs^. The Mann-Whitney 
nonparainetric analysis of variance test, however, yielded significant 
z-scbres for four bf the seven childreHi^am (Subject l)i Lbretta- 
(Subject 4), Kathy (Subject 5), and f'ti^lyn (^Subject 5} (see Table 5). 
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- Figure Caption ' ^ 

Figure 21. "Postural reaction data ^across sessions, for all 
seven chndrefT. 
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Group Data An a lys Xs^ ^ - t , ^ 

The^'wilcoxori Signed Rarifcs Test* (Bruriirig S Kiritz^ 1977; Gbridveri 
i971) was rtin to compare the baseline arid training conditions of the 
.postural reaction dat4 across all 'seven subjects. Using the means, as ' 
the scares representing the baseline and training conditiQns%for each 
subject, the test statistic T was equal to 2 and significant at the .05 
level for a two tailed test- The Wilcoxon test was also run with the 
slopes c3f the regression lines, and T was equal to 3. At the^ .05 level 

c 

for^a two tailed test, 3 was not significant; however, it was significant 
at the .10 level - . • 
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DISCUSSION^ 



Reliabiillty Results 



I^terobserver reliab^ity for all subjects for postural reactions 
was quite high. Most disagreements occurred when the reliabilitv-. observer 
(the investigator) was hot positioned optimally ahd^the view of one side • 
of the subject -and tf^iner was partially obscured. Without a clear v- 
frontatl view^ the observer occasional ly mi ssed the physical prompt ' 1 
(level 1) as it followed the ^^ue (level 2), It was rarely difficult to 



see wjien the child exhibited the target response at a part^cu^ar level 

I _A • ^ / J. 

of assistance, and no one specific postural reaction was any more difficult 
to score and iigree upon than another. The s'^llar mean reliability ^ 
scores across measuresian^ su^bjects for postural reactions supported 
this conclusion. p 

Agreement for the ATNR measure overall was high.. It was fairly 
low, however, for Marilyn (Subject 5).-* Marilyn demonstrated the most 
variability among the children^in the reflex p^obe, and the Gonstractures 



of her left elbow and wrist contn.1t)uted to the difficulty in scoring. 

_ • ' [ , 

The teacher serving as Marilyn's tratner commented that she was reluctant 



to score a response according to assessment p^rocedures when the *^observed 

posture seeded to be more a function of the orthopedic condition of 

- } . : ' \: . 

Marilyn ( i .e. , her contractures and sever^ scol iosis) rather than v^hat 

she understood to be tha response assdciated with a tonic reflex. 

Head ^rect probes were observed with 100^ reliability for three of 

the four dhildren for .which .the beha\rior was measured. For two of tfjose 

tliree children with 1005^ reliability, the ease of reliability was due to 
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a very low level or absence of rdspbndihg (darietf Subject 2; Marilyn, 



Subject 6). Hatt (Subject 7)^ the i^ther child Wit^^perfect reliability, 
S-onetimes had Idng^ddrat'ions of head erect behaviorV but the frequency 
ff head lifts was low. Responses to be agreed upohf ftherefofe, were 
few. In contrast, th^ low reliability of head erect ineasurement for 
Kathy (Subjects) was related^to a higher frequency of head lifts and 
very low cumulative duration of head. erect. Kathy's Fieati lifts were of 
a ^w height, quick in succession^ and it was difficult ^o deterrnine 

s. ^ 

whenr her chin was or not in contact with the surface of the mat, 
Roilirtg rotation rel iabil-i^ty Was tf^e lowest overall mean reliability 
^ scores but it was well within tlie upper range of interboserver a|reement 
obta.ined in the rel iabili ty: study in the • development "df the assessment 
tool (Fritzs hall & Nodnarti Rote 7). ^ * 

Overall interobserver reliability indicated that measurement and 
data recording were hot a problem in this study. Agreement oh all 
measures was reasonable^ in relation to the behaviors recorded. 
i?erfdnTiahce Results <^ ^ 

^ A visual analysis suggested that the results for Lore tta (Subject 
4) and Sam' (Subject 1) demonstrated a treatment effect of improved 
postural reactions^ with particular clarity in Loretta's case. ;A1 though 
th>e change in Ifevel and trehd in Sam's data ^ re not as 'f^rriatic as in 
Loretta's, the effect was thimedi ate. Additionally, the first three of 
four data ptfints in Sam'^s training data were of a higher level than any 
of the data 45oiifits in baseline., ^ 
buft to the developmental nature of the postural reaction skills, 
one cou nt>reesonabiy extrapolate and extend the baseline trend through 
(it least sever^^l months prior to the collection of baseline data. 
Essentially, the baseline data were representative of a long history 
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of behavior that was equivalent tb^ 1t not greater tnarii the duration or 

tjie training eonditiori. Interpreting baseline in this manner suggested 

^ - - - - - ' - - _ - - - - i. . - -_ 

that Sam's training cbhditidh may have been of greater clinical sjighifi- 



cance than might be assumed at fii;st glance. 

* 

the cbnclusion of clinical significance was supported by the statis- 
tical significance bf the effect for bbth children. It may be important 
tb^ribte that both children shbwed bbvibus imprbvement acrb^s all three 
postural reactibhs^ whereas the bther five children each had one or-mbre 
postural reactions in which they showed stable zero-level respbnding 
throughout the entire training cbhditibnA 



Kathy (Subject 5) and Marilyn (Subject 6) each had slight differences 



significance, yet visually did hot appear to be cbhvihcihg. During the 
training condition^ Kathy's data were eratic with an initial increase in 

variability, followed by a period bf decreased variability and lower- 

___ __ ______ _ _.__•% 

level responding^ ahdthen fbllbwed again by an increase in variability 

and level of respoliSe. The lack bf a cbrisistent trend during training 

made a weak case for suggesting that the Ibwer level and variability of 

baseline represented a different set of responses than -those during 

:■ - _ -J 

training. The statistical signific«hce fo.r Kathy and Marilyn's data may 

be explained by the nature bf the nonpa-rametric analysis of variance 

test that is based on the rank-order of the data without regard for the 

actual -magnitude of the scores. 



Adopting the same rationale for* extending Sani's (Subject 1) baseline 
back over several inonths prior to training for Matt's baseline (Subject 
7), the training ^ffect was, perhaps, of more clinical importance than 



it first appeared. It ii; doubtful that the increased variability apparent 




in comparing^ basel ine tb training; differences that fielded statistical 
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from Session 47 bh would have been present In a longer Dasenne representing 
more of Hatt's history. The effect is sti 11 : weaker" than that seen in 
Sam (Subject 1) and Lbretta (Subject 4) because thie change in Matt's 
behavior was not immediate. But, relative to the history represented by 
the baseline da^a^^he lag of nine trairlihg sessions prior to the change 
in th^J trend of the data may 'hot have been a long enough lag to discount 
a relationship between the change in behavior and the treatment variable. ; 
Furthermore, it was riot surprising to see a lag before a subsequent 
behavior change bec^se a depresseij rate of motor developmerit ^is charac- 
teristics of cerebral palsied^ severely haridicapped cHildrerv* Th.e, 
immediacy of the effects observed in Sam (Subject 1) and Loretta (Subject 
4) were surp|isirig to this irivestlgator and possibly were indicative of 
a sensitive measurement system. - , 

Cliriically, training had no effect for Janet (Subject 2), eharlie 
(Subject '3), Kathy (Subject 5) and Marilyn (Subject 6). All four children 
had near zerd-^level responding throughout the entire study. 

One subject characteristic may have been related to the results; 
the most improvement occurred in the two highest-level children, socially 

and intellectually. Both of the children were quite severely physically 

... • , 

handicapped, but. they were^the only two ctindT*en who showed evidence of 

purposeful and goal-directed motor behavior. These behaviors did not 
necessarily indicate that the cerebral palsy of these children was less 
sever^^than of the other children but more likely represented an inter- 
action effect of social and intellectual behavior with motor behavior. 
Two NOT studies, Seherzer, Mike, and Ilson (1976) and Woods (1954), also 
suggested that intelligence may be a related factor^ but Fobth arid Logan 
( 1963) found no relationship between and improvement. No other *' 
demographic characteristics seemed to be related to the results. 
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Only Sam (Subj^^t 1) had a visually-apparent trend in ATNR data 

during the training cbriditibri with the reflex iriereasirig in strength 

from predominantly 2+' to 3+ scores.*'' Interestingly, the correlation 

coefficients were relatively low. The reason for the low statistical 

association may have been that the low and high points within the vari- 

ability of each set of data were riot temporally synchronized. 

■ The stable ATNR responses of 3+ at a frequency of 10 for dahet 

(Subject 2)» Loretta (Subject 4), Kathy (Subject 5), and Matt. (Subject 

^ 6) bore no discernable relationship to postural reactions because they 

were without variance, the fact that "rio charige" occurred for both the 

. reflex- and postural reaction data for Jariet did not seem to indicate any 

^ dependence between the behaviors. The "no charige" iri ATNR for the other 

three children corresporided to a possible slight postural reactiori 

training effect for Kathy, a moderate effect for Matt, and a strorig 

effect for Loretta. * 

Charlie (Subject 3) and Marilyn (Subject 6) each had a great amourit 

of variability in the reflex response. The only obvious iriterpretatidri 

of the results for Charlie's ATNR is that there was no change in the 

behavior, and the variability was unrelated to the low variability in 

_ _ _ . . I 

the postural reaction data of the training condition. Marilyri had the 

greatest variability with unstable responses^ across the reflex scores as 

well as the frequency of each score. Although the 1+ ATNR score was 

correlated quite highly with the postural reaction data, the postural 

reactions did not show any clinically significant change, so it is 

difficult to consider the correlation to be vtfVy meaningful. Additionally, 

with as many correlations as were calculated, it is not unlikely that 

_ - - - - - 

the brie high ATNR correlatibri may have bcciJrred simply by eharice. 
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Motor probe findings were neither cbhsisterit within arid across the 
head erect arid rbllirig probes* ridr across tiirie arid iri relatidri to the 
pbstural reaction trairiirig <jata. Rbllirig rbtatibn data trerids were 
uriique for each' child who received that motor patterri probe, the slight 
iricrease iri Sam's rbtatibri was mbderately related tb the iricrease iri 
postural reactibn trairiirig data by visual arialysis arid with tau fbr 
0^-22.5° rbtatibn (tau = -.73) arid 45°-90° rbtatibri (tau = .52). Charlie's 
rbllirig data aerbss sessions shbwed a slight iricrease iri tot^l degrees 
rbtatibn, but the eharigirig trerids bf the rbllirig resporise did not relate 
tb the stability of the training data. Apparently* slight imprdvemerit 
in rotatidri was ribt deperideirit upbri imprbvemerit iri pbstural reactibris. 
Fbr Lbretta's rbllirig data* the high cdrrelatidris fdr 0°-22.5° rdtatidri 
and 22.5°-45^ rdtatidri iridicated that the amdurit df rdtatidri decreased 
as the postural reaction data increased. The high correlations should 
u2 iriterpreted cdriservatively* however* because the coefficients may 
have been inflated since ortly three scores went into the calculation of 
each (i.e.* the probability of three scores occurring in a ranked order 
from highest to lowest or lowest to highest is much greater than for a 
sample of a larger number) • 

Very little head erect data were actually collected because the 
behaviors occurred at low levels for danet (Subject 2), Kathy (Subject 
5),' and Marilyn (Subject 6). There was no relationship among head'erect 
f and postural reaction data to comment upon for Janet and Marilyn because 

there were virtually no responses for either behavior, unless the absence 
of responding in both cases was to be considered meaningful. Perhaps if 
a greater range in the amount of head erect responding had been covered 
in this study, the absence of behavior would be interj3retable. A mdderately 
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high correlation among Marilyn's postural reactldns^ and head lifts (tau 

= .67) may have reflected the temporal association of slight increases 

in both of the behaviors. The correlation Is Interesting, but clinically 

insignificant with such low-level behavior; Marilyn was barely responding 

in either case. ^ . . 

kathy's low level head" erect behavior had identifiable trends. 

Visually, the higher levels of head erect behaviors corresponded to the 

higher levels and increased variability in the postural reaction data. 

A tau equal to .52 for cumulative head erect duration moderately supported 

ttjfs analysis. The^relationship was not particularly convincing, however, 

because head erect behaviors decreased near the end of data collection, 

_ \ ' 

but postural reaction scores did not. Matt (Subject 7) demonstrated 

much more head erect behavior than the other three children, but visually 

there were^ no trends evident in the data. Tau for the cumulative duration 

Jata (.60) suggested that the behavior^may have increased as the postural 

reactions improved. It is unfortunate that it was not possible to 

collect more data fQi* Matt to see if ^his correlation would have con tfhued. 

One study reviewed iri the literature (Wright & Nichdlsbrij 1973) 
reported results of decreased tonic reflexes arid improved head erect and 
rolling behaviors as a result of NOT. Addi tional ly * Norton. (1975) found 
positive changes in equilibrium, righting and complex behavidrSi as did 
Tyler arid Kahri (1976) with righting arid head cdritrdl . these results 
were not replicated iri the present study. Nd speculatidri cari be made 
explaining the discrepancy amdrig results sirice measuremerit prdcedures 
were riot specified arid NDT^was riot dperatidrial ized . 

Group results . Mean level responding for postural reactidns was 
sigriif icaritly different fdr training in cdmparisdn td basel ine. / Significant 
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results were hot found in cdmparing the baseline and training conditions 



using the slopes of the regression lines* although the test statistic 
was close to significance (p. < .10). Statistical significance for 
means was not of obvious clincial significance. The ranks-test was not 
sensitive to the magnitude of the differences between baseline and^ 
training conditions. But, the fact df statistical difference may have 
priimpted a second look at the postural reaction data across subjects. 
Five of seven subjects had higher means (however slight) during training 
than in baseline. That was interesting and perhaps suggestive that 
those accasional responses in the predominantly zero-level training data 
indicated the very beginning of a training effect. 

Stimmary- ^- performance results . Postural reaction improvements were 

^ 

only clearly demonstrated by Sam (Subject 1) and Loretta (Subject 4), 

the two intellectually and socially highest- functioning children in the* 
study. Although two other childre^,^ -addi tion to Sam and Loretta 



(kathy. Subject 5 and Marilyn, Subject 6) had statistically significant 
results suggestive of a treatment effect, only Sam and toretta's data 
were of clinical significance. ATNR and motor pattern probe data were 
not clearly related to jjostural reaction data. Individual relationships 



or they were not replicated with any other subject. Sroup results of 
statistical significance between pidstural reaction baseline training 



sensitive to the magnitude of change, and clinical significance was 
slight. 

Hajor Research Questions 

^ Eo—pas^torat reactions improve as a result df neurodeveldpinerital 
training ? Results did not indicate that postural reaction training, one 



noted were of 1 




low level of the responses 



means must be interpreted conservatively because the ranks test was not 
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' cdmpoheht of NBTi was effective in improving those behaviors for all the 

severely handicapped children* in the study. Only two of the seven 

children showed a clear change in behavior, however, the change did seem 

to be directly related to the onset of the training condition. It was 

hot surprising that the other five children did not show improvement; 

gains in behaviors across all perfdmarice^^dor^^ have been extremely 

slow for all of thenii All five of these children had little, if any, 

voluntary movement ^and were either extremely hypotonic or hypertonic, 

and two of them had joint contractures. It may be that for children so 

severely handicapped^ six months of trairiirig for approximately 30 minutes 

per day represented a relatively irisighifieaht intervention. Postural 

reactions may indeed improve with training for some cerebral palsied 
__ _ ___ ____ % 

cSildreh^ but it has not been shown effective for all children and it is 

not known if a quantitative increase in ^the treatment variable would 

_- - - _ - - -_• - - . \- - -- .- - - ' ^ - - _- _ - 

vield improvements for a greater poTtiQh5f those children that receive 

treatment. 

Do improvements in postural reactions correspond to a decrease in the 
asymmetrical tonic neck reflex ? The results for Sam (Subject 1) and 
Loretta (Subject 4), the only two children who showed_ improvements in 
postural reaction responses, indicated that the ATNR did not decrease in 
relation to postural reaction improvement. Sam's ATNR increased and his 
atypical relfex became stronger. Loretta's ATNR remained the same at ^^TN 
high 3+ level even though she made dramatic gains in the postural reactions 
during training. These results suggested that learning postural reactions 
may have been independent of the presence of the ATNR. 

It is also possible, that inferring the strength of the ATNR by 
measuring its frequency and topography was not entirely valid. Both 
Loretta and Sam had teen ob.^lrv.ed to routinely "use" their ATNR within 
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their voltintary arid goal -directed mbtbr respbrises. A more" ftirietibrial, ; .^/^^^^ 
eval^atibri bf the relatibriship bf the tbpbgraphy bf the ATN^ tb the . 
^H||l^/s mbtbr repertbire might have yielded different results. 

DoS^imprbveinerits in pbstural reactibhs cbrrespbrid tb ar) increase in j 
head erecrsgrid rblling mbtbr patterris^that are ribt directly trairied? 
Ldretta showed the most improvement in postural reaction respbhseSi but 
hecrblling did hot improve. The decrease iri the greater degrees bf . 
rbtatidn and the , increase iri the lesser degrees of rdtatidh suggested 
that she was rolling with increasingly more spasticity j the quality bf 

rolling got worse. It may be that rolling mobility was more easily 

_ _ . _ _ _ _ _ _ . 

achieved if Loretta "used" her hypertonici ty, a reasonable hypothesis 

for a ch.ild who was generally quite hypotonic. 

Sam did improve slightly in rolling rotation as postural reactions 
improved. The dependent relationship is questionable, however, because 
Cnarlie (Subject 3) also showed si ight -improvement in rolling rotation^ 
but his postural reactions did not improve. 

The data for evaluating this question are limited because only two 
children showed improvement in postural reactions. Roll ing rotation 
dat^ for Sam and Loretta did not support a relationship between rolling 
and postural reactioris; Head erect data cannot be used to discuss this 
question because the data showed very little change within subjects, and 
postural reactions improved orily slightly or riot at all. ^ 
Secondary J^ urposes of Study ^ ^ 

Operatiorial ization of therapy as a treatmerit variable .^ Levels of 
assistance trairiing was a reasonable "bperational izatiori of N0T facilitation 
because it^resembled descriptions of NbT iri the literature as guidarice 
arid assistance to perform a response (cf. Bobath, K. & Bobath, B. , 1954) * 
and was easily staridardized as a procedure. The literature has 
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also described fjicil itation as providing stimulus situations in which 
the ta^rget Response would be expected [cf. Bobath, B., 1955). This 
definition was the operational ized baseline condition. In effect, the 



' s.tqdy was a comparison of two facilitation treatment conditions across 
subjects. The repeated m^surement in the baselines indicated that 
itmply providing the opportunity for the response was not an effective 
tre^ment. 'A, third; , mo re complex description of facilitation was also 
found^F^he NDI literature ^^t^^ Bobath, K. fi Bbbath, B, , 1976). Facili- 
tation of posBurat relictions was described to be contingent on the 
child's responses :^in> such a* manner that ft would require subjective 
judgements by the tr;ainer throughout each session, and could be a very 
different treatment across sessions-and across children. Using this 
third description of N6T would haye made it very difficult to evaluate 
the results of a study in any meaningful way. 

Kazdirr and Wilson (1978): pointed; out ttfat OReratibrial izirig a thera- 
peutic treatmerrt is a^^tually ah arialogue study ,^ since it only resembles 
the clinical treatment being investigated^ While it is recognized that* 
an'analogue study's results may, ^therefore, ' be of more limited geherali- 
zability, operational ization of ^S^featmeht is critical If its efficacy 
is to be evaluated. As explained by Kazdiri and Wilsbri, 

An "arialogue" study Usually. focuses upon a carefully defiried 
research questibn:Urider wlll-cbritrbl led "cbriditlbris. The* 
purpose of the investigation ijs to illuminate a particular 
process or to itudy an inte^eritieri* that may be bf impbrtarice y 
in actual treatment, (p^. "io9j 

Application of single Subject, research design . Mu 1 1 i pi e ba s el i ne 
design was apprbpriate tb £he study arid the research questibris. It 



allowed for an analysis of individual child behavior and clinical signifi- 
cance of the results for'each child antl in^ relation to the statistical 
sigriifiearice bf brie bfothe two grbup testl^. ^ ^ 



EKLC 



128 I 



. The developmental nature of postural reactions could have rational- 
ized a multiple probe design (Horner & Baer, 1978) in lieu of the l^g 
baselines of the traditional multiple _baseline design. Extensive repeated 
measurement throughout "baseline was d|^d for instead to guard against 
the hypothesis of reactivity from repeated measurements Loretta's 
(Subject 4) improvement in postural reactions at the point when treatment 
' was initiated^ and subsequent to a decreasing baseline trend, was a good 
example of resu^s that did not ap^ar to have b^en confo.unded a 
testing effect. 

The quaijtity of data and the close look at each child*s behavior 
afforded by the single subject design enhanced the overall contribution 
of this study in the, evaluation of NDT. 

Applic|tioh of quahti tative sensory/motor measurement . In reviewing 

the literaturei it became apparent that there was a heed to measure 

precisely "how much" irnprdvement occurred in the child's motor skills as 

a result of training. Previous studies have simply reported "improve- 
If 

merits'* of a particular behavi^br (i.e.^ he^ erect or walking) (cf. Kong, 
19^1 Wright & Nicholsori, 1973). Other studies used developmental 
checklists that were most often uripublished^ probably rionstaridardized, 
arid were urilikely to be sensitive eridugh to detect changes wHHiri a 
motor skill (cf. trbslarid, 195U Irigram, Withers, S Speltz, 195/)* The 
quarititative assessmerit procedures used in this study (Fbshage, Note 4; 
Rues, Nbte 5; Day S Lehr^ Nbte 6; arid Fritzshall S Nbonari^ Note 7) 
^provided a precise description of the ambunt of change for heaS .erect 
'arid rbllirig arid was serisitive tb changes withiri each skill. 
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Limitations and Impticatlons 

Two ftieasurement limitations were noted by the investigator in the 
course of data collection. Firsts the lack of oppdrtuni ties to score 

Vs and 2*s during baseline may have deflated the baseline level and 

.... * . . ... . . . . . i) 

inflated the apparent difference between the baseline and treatment 

conditions. To allow for Ecores of I's and 2's during baseline* hdweveri 
^ would have been to provide training. If measurement was only faken at 
the independent response level, much of acquisition would not.have been 
evident ;in the data. It seems that the limitation is inherent if the 
data collected describe the level of assistance required in training. 

The second measurement limitation is related to the first. In 
observing the children's responses throughout the study, it was noted 
that they frequently approximated a response, and sometimes did so at 
the independent level of assistance. The data recording procedures were 
not sensitive to these responses, but instead, recorded "teacher- ^ 
behavior" required for the child to respond as the target behaviors had 
been operational ized; It might have been more useful to have monitored 
^ the effects of levels of assistance training by joding critical dimen- 
sions of the children's responses at the independent level of assistance. 
For example, acquisition of equilibrium may have been followed by coding *• 
the position of the arm (flexed or extended)* the posit ion of the hand 
in relation to the floor (palrn up or palm down)* and whether the hand 

was fisted or open, as the critical dimensions of the response. A 

4 \ 

master' s thesis is currently being conducted to compare the sensitivity 
of levels of assistance measurement and behavior coding in levels of 
assistance trairiirig tP^^^liips^ Note 8). If coding the cr4l:ical dimen- 
sions of the behavior was as sensitive or more sensitive than noting the 
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level i3f assistance required^ a more accurate measure bf baseline behavior 
may have been obtaihed. 

Operational izi rig facilitation of NDT for postural reactions as 
described in this study may not represent "NOT" as used by some inter- 
ventionists.!^ Social val idatibn^wi th therapists^ and teachers who have 
taken the NDT training course and/or claim to use NDT routinely in their 
intervention procedures should be undertaken in future research of this 
type. , 

' It might not have been reasonable to expect NOT limited to postural 
reaction training to affect ATNR or motor pattern responses^ This study 
should be viewed as the first step in a a constructive treatment strategy 
(McFall & Mars ton, 1970), and the ATNR and motor pattern responses 
should be monitored as additional components of NDT are added to the 
treatment package in the val idation, process. A parainetrie treatment 
strategy (Kazdin & Wilson, 1978)^ would also be a logical follow-up to 
this study. An increase in the 'quantity of the treatment cbmpoherit 
could yield clinically significant results across more children. . 

Future research, then, should focus on a single subaect design 
which allows for some evaluation of subject eharaeteristies as they "; 
relate to the training effect. The measurement cbmpbheht should be 
"T^sensitive to levels of skill aeqdlsitibn, but Independent of the 
training strategy. And finally, future research should build on this 
initial study fol lowing either a constrtietive treatment strategy or 
parametric treatment strategy. ^ 
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^ • CHAPTER VI - 

' y_ . ■ . \ _ [ _ ^ 

A review of the literature on motor training for cerebral palsied 
childTen^uggested that three theoretical /treatment approaches have 
characterized the intervention efforts: orthopedicV isensdry stimulation § 
and neuromotor. None. of the approaches have been empirically validated ; 
in relation to theory or methods of training. Research studies investir-: 
gating the various approaches to motor training lacked experimental 
control, failed to operational ize the treatment techniques, and reported 
results aeeb»(ding to vague outcome measures. rft 

A component of neurodevelopmental training (NbT), a popular neuro- 
motor approach based on neurological development among nonhandicapped 
infants was operational ized as the treatment variable using a multiple- 
baseline design in this study. Postural reactions of righting and 
equil ibrium were trained across seven "cerebral palsied, severely handi- 
capped children, ages to 12 years. A visual analysis of the ^sults, 

✓ . _ _ _ _ _ 

supported by a nbnparametrie statistp'eal test, indicated that the postural 

reaction responses' ^f two children improved si^ificantly as a result of 
training. Addi tional ly ^ the statistical analyses yielded significance 
among baseline and treatment conditions for two other children. Refl^^ 
and motor probe data did hot appear to be rented to the postural reaction 
training. In the group analyses^ a slghif ieant difference was found in 
a test of baseline and treatment means, however, the same test was not 
significant wjten slopes wirre used in the comparison. • It was concluded 
that postuifal reaction training may be effective for some children, but 
clearly hot for all. tonic reflexes djd riot appear to constrai/i the 
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acqusltion of postural reaetioriSi arid the^ acquisition of postural reacticiris 
did not appear to Iriflaerice the development of head erect or rollirig 
rotor patterns, 

it was recommended that future research follow *tip with sirigle 
subject designs using matched subjects to identify the subject charac- 
teristics related to the effectiveness of trairiing; 'investigate serisi-' 
tive measureinerit stVategies iodeperident of the. training strategy; and 
build upon this initial data base with a earistruetive or parametric 
approach to evaluating the NOT therapy paekag^. 
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APPEN0IX A 
Sample of Gempleted Tf-aining Data; Sheet 
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APPENDIX B 

ATNR Assessment Procedures _ ... 
(eapute et al., 1978* pp. 38-40) 
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A SYMMETRICAL TONIC- MCK-RE^UX 

Descriptidh ^ J 

When the child is supine he may be seen to lie with head turned to one v 
side with exterisibri of the extremities on that side (chin side)^ and flexion 
of Jthe contralateral ext^aliUies (occiput side), this fnay also be rioted in 
sitting; it is often described as the "fencer" position. 

Technique 

The child is placed supine. He is first observed for active head turning 
and subsequent extrem'ity movement. The head is then passively turned (through 
180^) alternately to each side for 5 sec. This is repeated five times on each 
side. If rid movement is noted, the head turning is repeated and changes in tone 
are dbseryed. Consistent to^e^^cha^ges must be felt in at least two extremities 
for the reflex to be scored as presents, 

Grad i no 

0 Absent 

1+ With passive head rotation, no visible response, but increased extensor 
tdne ndted in extremitieson chtn side or incre flexor tone on occiput 
side. (Active movement may elicit visible response.) 

2+ With passive ioyement j>f the head* visi^ on 

chin side or flexion on occiput side is noted. (In* some babies the visible 
component will be limited to flexion/extension of the fingers •) 

3+ Passive h6ad movement produces full (180^), if transient, extension in 
the extremities on the chin side or more than full (90°) ,\flexion of 
extremities on the occiput side. ^ (The upper eac^emities of some babies 
with a positive tonic^labyrinthine reflex win_"^rfrt from a position of ^ 
flexion, and therefore only slight visible movement. . wil 1 cause them to be 
scored 3+.) * , ~^ 

4+ Obligatory (more than 30 see) extension of extremities oh chin side ^r ' 
flexion of extremities on occiput side. 
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APPENDI)^ C . . 

Sample of Completed ATNR Data Sheet 
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DATA SHEET 2 
Tbhie Reflex Probe 



Student {Ihi-rh'^^ Trainer: 5". 
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5 APPENDIX D 

Head |rect Assessment Procedures 
(Foshage,. Note 4; Rues, Note 5) 
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Procedares for Measuring 
Head Erect 



by 

Kathleen d. Foshage^ 



The procedures reported in this study were taken from a master's thes 
conducted by Kathleen J. Fdshage that was submitted to the Department of 
Special Education at the University of Kansas in October, 1978. . 
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Measuring Head Cdhtrdl 
Areas for measuring three critical fonns of head erect behavior 
have been described earl ier in figure 1. They incluife: '(1) head erect 

in the prone position; (2) head erect in a supported sitting positidhi 

_• I * 

and (3) maintenance of head erect while"being "pul led-to-sit" and 

reel ined-to-supine". . 

These procedures are designed to measure the frequency and duration df 
the child's head raises when he is placed on his stomach. The pdsitidri df 
the child's arms when his head is raised is also measured. 
Materials and Equipment 

A data sheet, cumulative stopwatch, and pencil are necessary. Two 
types of reinforcers for head erect behavior are recommended; manipulatables 
and consumables, 

Manipu1atable > Identify the child's preferred toys. Request the 

J _:_ _ 1 _ " ^ _ _ _ _ _ ^ :. 

child's parents (or teachers) to prdvide information on v^hich type of 

stimtilation {i.e.i food, vibration, touch, etc.) will elicit and maintain a 

functional response from the child; If no preferende information is available, 

present a variety of objects to the child and determine his preferred ones. 

The child may demonstrate preference by fixating oh an object, or reaching 

for it, dr^dtherwise responding pdsitively to its presentation; Periodically 

probe^the child'^ interest in other objects to determine if the initial 

Mjeets ranain the child's preferred ones. Potentially reinforcing objects 

inerbde: 

1. Visually interesting tdys with bright colors and moving parts: 
rdtating lamps, mobiles, flashing ligh^ts, t.v. etc. These itras allow head 
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erect to be measured in a variety of positions. 

2. Auditorily stimulating toys, such as music boxes^ bells^ arid "See 
and. Say/' that can be activated when the child's head is apprbpriately 



3. A vibrator that can be applied to any part of the body except the 
neck (to avoid stimulating extensor muscles). 

£orisamable . Foods and liquids may be used to reinforce head erect 
behavior. Liquids can be placed/ in a squeeze bottle with a spout so that a 



few drops can be dispersed into the child*s mouth when the child's Head is 
raised; Use foods that can be given immediately and eaten easily and 
quickly (e.g. , M & M*s). 
Bbservatiorial Settings 

Eonduct measures of head control in the prone position (and the other 
two positions) in both structured and unstructured settings. 

Structured observations . Make these. observations when head control is 
a treatment goal. Their purpose is to assess the child's ability to display 
head erect behavior wheri an attenpt is made to specifically elicit this 
response. No verbal cues are to be given. Without giving any verbal cues, 
attempt to gain the child's atteritibri by holding a toy within his visual 
fields .and then rhb ving it tb the midline pbsitibn. This may elicit an 
attempt by him tb raise arid turri his head to the midline position to see 
the object. If a. sdUrid-prdducihg toy is used, manipulate it so it souri^s 
only when the child lifts his head. 

Unstructured observatibris . These bbservatibris shbuTd take place 
during an activity that regularly occurs. Their purpose is to assess the 

child's ability tb display head erect behavlbr under natural conditions 

_ _ _ ^ r ' - ■ ■_ 

without the aid bf a specific prompt. These may include activities where 



erect. 
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head erect beh|;^ior (in a prone pdsitioh) is.^ prereqciisi te to the activity^ 
bat riot the goal of trairiirig (e;g;i reach arid touch program^ visaal trackirig, 
etc;)- These observations may be taken iri the home or treatment setting. 
Place the child on a floor or table; Make the toys available 12-18 inches 
iri frorit of him in the midline of his body. Adjust the observatioris to the 
child's fedding anc^ sleeping schedule to avoid drpwsiness or hanger, and do 
not attempt to speci f ical ly el ici t the response. ^ ' . 
Pbsitibriihg the Ch.ild ; 

1. Place the child prone (on stomach) on a floor, mat, or table. 

2. Flex his elbows and place his harids^bri either side o'^f the head. 

3. : Extend, abduct^ arid exterrially rotate the legs. 

If the child places his hands or firigers iri his mbuth, rembve arid 
repositibri them directly above his shbulders bri either side of the head. 
If he attempts to roll dver^ stop and repbsitibn him. If abnormal muscle 
tore develops during the dbservatibn^ repbsitibn the ^ild but db h^t stop 



the bbservatibr. Abnbrmal tone is indicated by scissoring bf the jarms 
and/or legs, and/or hyperextensibn of the neck. 
Behavior Definitions 

The terms defined below describe' pdsitions of the head and arms during 
the measurement procedure. These positions are illustrated in Figure 2. 

i. Head bob . The head Is raised and reiriains up less than or equal 

__ _ J _ [ ., 

to 5 sec before contacting a supporting surface. 



2. 44#ad- erect . When no part of the head or neck (chin to clavicle) 
is touching the supporting surface. If the head rests on or touches the 
arms when they are being used as supports, head erect is not occurring. 
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a. Head bob 



c. Head up without forearm support 





b. Head erect 



d. Head erect with forearm props 




Figure 2, 



e. Head erect with extended arm props ^ 
Illustrations of the head and arm positions 
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3. Head up without arm support . The head fs ralB|d and remains up 

' - - --- " -- 

longer than 5 sec befoTO contacting a supporting surface, with an elbow 

angle of less ttmr-^^. ^--ti 



4. Head erect with forearm props * The head is raised and remains up 

more than 5 sec with one arm elbow angl^ more than 90** and other arm hot 

* ... ■ • ' 

touching a supporting surface. This excT.udes any arm raising behavior 
involvjed in rolling over that can be prevented by the examiner. 

5. 44ead^re4^t^i4h extended arm props . The head and chest. are raised 
and remain up longer than 5 sec with no part of the a-rm touching a supportin 
surface. Only the hands are touching the surface. 

Combinations of" these arm positions can occur. One ann may be in one 
position and the other in a different position. Score tlhese "combinations'* 
on the data sheet also. c * 

Measurement Proce d ures : 

Take frequency and/or duration measures of head erect behavior. To' 
determine which measure to qse (Schedule A or Schedule B described below) 
perform an initial observation session. Observe the child for 3 min and 
record the cumulative duration of all head erect behavior. Do not record 
ams positions during this pre! imiha ry step. If ^ cumulative duration of 
head erect is less than 60 sec, observe the child using Schedule A. If the 
total is greater than or equal to 60 sec, observe the child using Schedule 

Observation Schedule A . Use this schedule with children who sustain 
head erect behavior for less than 60 see of the 3 min initial observation. 
First place the child in the starting position and ol^serve him for 3 min, 
allowing the stopt/ateh to run continuously. During this time record his 
head erect behavior using the position abbreviations shown oh the data 
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• Name :- 
Date:_ 

Age:— 



Examiner: 



Responses 
or Trials 

1. 

2. 

3. 

4. 

5. 

6. 

7. . 
.8. 
9. 

lb. 
11- 



4: 



Location: pr|Home ^ ^ [SchoQl 
Setting: •,[~iStructured 

. ' '^^Unstructured r 

p~lGroup : r^Indlvldual 
Time: Starts, .Stop 



B - bob 

+ - no arm support 



n/+ - props on one forearm, ^ther arm nd-.sjippprt 
j. W - props on forearms . - r • 



s/ - props bri one foreartn', other arm is Raised * 
v// - props on one foreann and one extended arm 
// - props on extended arms 

/ - props bri bne extended arm, other arm is raised 



Duration 



Am Posttlj 



Figure 3. Data sheet for n1eas,uririg head erect in %he prone position 
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sheet in Figure 3. This sel f-jexplanatory data sheet is required to observe 



on both schedules. If thfe; child raises his head longer than 5.s|Ci^recdrd 
the duratibV of; this head^raise (in seconds) and note the pbsi^tibri of the 



child's arms. 

dbservatfbn S6hfedui e-B . Follow this schedule with children who sustain 



head ^erect behavior for 6(3 sec or longer during the initial 0^3^servatibn. 

' .First place the child on hisyStbmach and present the stirnulus. If the 

^'C_htld does not rais^ ji^^ ^bead ^^^t^^ sec,, end the trial and record a zero on 

the data s^heeti v If . the ^l^d does reiise his head within 30 sec, ttme and . . 

fecprd the du?^tioh of the response (including the position of the' arms). 

Begiririirig when the head raises above the supporting surface. If abnormal 

tone is observed during the probe trials (to be described) , stop the session, 

record the time^ arid reipbsitibn the child. (Mark an asterisk on the data 

sheet riext to the appropriate trial to indicate that the trial was interrupted.) 

fb ':«gin each trial , repositibri the child and again present the ^stimulus'. 

Conduct a iftiriimum bf 5 tb 10 trials. Use the same data sheet' ■^s'^^ne(:)ui red 

inNSchedule' A. 

_______ _.__ _ ^ 

During head lifts, the stimulus may be moved horizontally to maintain 

the child's eye cbritact or vertically'tb prompt the child to raise his head 

higher. If the child lowers his head ^ but does not touch the supporting 

surface, hold the stimul us at thi s level arid 'slowly raise it. 



Change frbm the 3 miri observatibri periods to the discr^e trial . measure 
(Schedule A tb B) when the child mairitairis a head erect position for 60 sec 
during a 3 miri period. Tb use this criteria sum orily occurrences of head 
erect greater than 5 sec in length, • -' 

Data Analysis . 

It is suggested tipt twb measures bf head erect be tabulated. These • 
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are (1) number of head bobs per ifillriute; arid (2) duratibri of tfie longest 
■heatl erect response's per 3 miri bbservatidri. :\. 

Head bobs/minute . In observatiori Schedule A, the. number of head bobs 
are recorded during the Qbservatldri period. This iricludes head raises of 
less than 5 seconds. A head bob per miriUte frequency can be tabulated by 
dividing the total^ number of head bobS during each 3 miri session by three. 

total he.ad bobs/se ssion = j? of head bobs/minute 

Tabulate rat^ by' session for the child. " • ; 1 

' Duration. In observation ^Schedules A and B, the duration of head 
erect behavior is recorded. Using ei ther:schedul e, the longest occurrence 
of head erect behavior fo^ ea.ch session can Bfe determined. 5 ^ 

Gra^ the data for both head bobs^wute and the longest duration of 

- - _ - ^ - . * * _ ' _ 

head ei^eet en. the same* scale, indicate on 'the left horizontal axis head 

bob:7fninute; on the rfght horizontal axis record longest duration of head. 

eract behavior per observation period. Then use this graph to follow the 

transition between hete bob^ arid the increased duration of head erect. 



behavior for the child. ^ ' 

Head Erect in the Supported- Si tttiiq Position 

- ■ . _' ' __i 

The procedures are designed. .€b m&"§lire the frequency and duration of 

the child's head raises* wfi>le he is seated in the examirier's lap. 
Materials arid Equipment ' ~^ \ 

Apprbpriate data sheets, a cumulative stopwatch, table, and chair are 
needed. A modified sheet of plexiglass (described below) is also required, 
thi^ apparatus is also Used iri measuririgyfiead erect in the "pu'l^^-sit^ 
arid ''reel irie-tb-supirie" positions; 

Heasuranerit frame . A 2* x 2' sheet of plexiglass (or use blackboard 
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of the same dimehsidhs) is necessary. Using wide tape^ divide the 
plextglass into three trisectibhs (30'' angles), dumber the triseetioris 1^ 

arid 3 with 1 ehcdmpassirig the length 'of the bottom edge^ 2 in theTmiddle^ 
arid 3 encompassing the length of the vertical edge (see Figure 4). t < 
If ydu desire a portable uriit^ cut a grdd^^ just y^ide enough, to allow 
t>ie plexiglass (or blaqkbdard) to fit in a board 3" x 4". ' A hole can bS4 
drilled through the top and ^a leather strip inserted, to be used as a handle* 
The portable-unit must be divided into trisections'^after it is fitted^-int^ 

the wooden groove since the support board will rai^se t-he 'plexiglass (or " 

- - - - \ *_ __ _ ' ' ^ • H _ 

blackboard} off the surface slightly. - : . ' 

. — _ . . , _ . . • _ _ ] 

Foot blo ci^s . If it is necessary to raise the examiner's knees to 

'prov:ide a horizontal base of support for the child ^ cdristru<;t foot blocks 

from telephone books, cardboard bricks, etc. 

^ ^ :i ^ • 

Reinfor cers . The same reinforce rs used to con^quate head erect | 

behavior in tha^orre^ posi tion can be usedl for head erect behavior' in the ^ 

supported sittfng posjtion. '\ ■ . ■ 

Observational Settings ' ^ 

_ _•_ _ _ _ _ , . * _' _ " _ ■ ' ' _ * 

Structured observatloh (see p. HE21). In this setting have a second 

exami^npr^^ovide^jv^^ or auditory stimulation by holding Interesting 

objects at or above the child's eye .level to encourage the child to maintain 

head erect behavior. 

Ungtructured observations (see p. HE21).. Provide no additional visual or 

_ __ __ . _ _ I 

auditory stimulation. Seat the child where he can observe ongoing activity 

in the room. 




Implement the initial positioning and movement of the child as follows; 
1. Remove all clothing 'from the upper part of his body. 
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2. Place the trisectidn device bri the tables < 

' % --- ■ - ■ - \ . 

3/ Place the chair of appropriate height paratl^^^ to the trisectfbn 
device. The height of the chair arid the tabVe must coordinated so the 
child's waist is even with the bottom edge of the trisection device when 
the child is seated on the examiner's lap facing the same direction^ as the 
examiner. Use foot blocks^ if necessaryj^ to raise the examiner's knees so 
that Jier hips and knees form; a horizbrrtal l ine. 

4. Position the vertical edge^p the trisection device containing 
Trisection 3 so that it bisects the gijild's trunk into front and back 
halves as shown in Figure 5. 

5. Support the child at the waist if he is able to maintain his trunk 
in a vertiqal position for 30 sections. Support him at the shpulders to 
maintain the vertical _truhk position if he .cannot voluntarily maintain this 
position for 30 seconds."* Do not allow the child's head to touch the examiner 
chest. 

Behaviac-Defjiltldni - 



; . Head erect behavior is scored when no part of the head (excluding 
hair) is lower than 60^ (i.e., below the third trisectibriji the child's 
neck IS not hyperext^nded , and the efffTre head has hot mbVed beyond Ihe . 
vertical edge of the trisection device (90° edge). 
Measurement Procedjures - ^ 

^ Frequency and dijration measurements are made of head ^rect behavibr in 
the supported sitting position. To determine which measure to use* pbsitibri 
and observe the child for 3 min ini tial ly. During this peribd^ recbrd the 
duration of the behavior using a cumulative stopwatch according tb the 
defiriitibh given above. Make sure a second person provides visual or \ 
auditory stimulation by holding objects at or above the child's eye leveJ. 
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If the child holds his head erect for 25 or more cumulative seconds during 
the 3 min peribdj Use a durati^oh measure for all subsequent pbservalibris. 
If the child does riot mairitairi head erect for 25 cumulative sec or more 
during the observation, use a frequency measure for subsequent observcitiens 

Duration . To measure du ration , start the stopwatch' when no part of 
the child's hea^ (excluding hair) is below, the 60° line. &ii the trisectiori 
device ajid when the head is not hyperextended , Stop the watch when any 
; part af the head (excluding hair) falls^below the 60Mine, when the heck 
hyperextends^ or when the ent the vertical (90°) edge 

of the tri section device. ^ \ ' 

££aguenc£. To measure frequency, record a response occurrence each. , 
time the child's head moves above the 50° line on the tri^ection device', 
when the neck is not hyperexterided ^ arid when the head is not beyond the 
vertical (90°) edge of the trisectiori device. . • ^ ^ 

Record responses on a data sheet Like that firesented in' Figure 6, v ' 

Date 




Tabulate the fliflnber of times during the^ 3-mr^'fi^j^ iS s 
which the child's head raises abo^ the 60° line on the ,trisection device. 
Then calculate frequency per minute J)y dividing the total r^^'sponses by - 
three, Graph these data by observation sesiidrii as- described in the prone 
p6si tion, ' ' ™ : 

^auraj4£n. For each session determine the longest time that the child 
maintained the head erect position. Al ternativelyi tabulate the tata-l time 
per session that the' child's head was erect. 

Graph the data by observation sessiorii as described in the prone 
position. 
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Head Erect in the Supported Sitting Pbsitibh 



Name: 

Age ; ' -~ 

Examiner: 
Observer: 



Gbservatibn Time: • 
Frequency-Duration 

Head Erect (circle one) 



Location: 
Setting : 

Support: 



Home . School 
Structured./ ' 
Uristructu red 
Shoul ders 
Waist 



Date: 



Examiner: 

Observer: 

Observation Time: ^^^^^^ 
Frequency^Du ra t i bri 

Head Erect (ci^rcle one) 



Lbcatibh: Home Schbbl 

Setting: Structured 

Unstructured 
Support: . 3hou1 ders 



Date: 



Examiner: 
Observer: 



Observation time: 

Frequency-Durati on 
• Head; Erect (circle jbrie) 



Location : 
Setting: 

Support: 



Hom« 3choql 
StrUctur*ed 
Uri^ true tti red 
Shoul ders 
Waist 



Bate: 



Examiner: 
Observer: 



Observation Time: 
Frequency-Duration 



Head Erect (circre'^orie) 



Lbcatibh : 
Setting: 

Suppbrt: 



Hdnie SchbbT 
Structured * 
Unstructured 
Shoulders 
Waist 



Figure 6. Recordintj head erect' in the supported sitting position; 
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Head Erect fri the PatT— to Si^'and Reding to 
■ S upine Position 

The procedures described for these positions are intended to measure 
the angle of the child's head in relation to his ,body while he is being 

_____ . «; 

pulled to a sitting position and while he is being lowered back to a sUpirie 
position. 

Materials arid Equipment ' ' 

Required 171^ te rials include a datf sheet, the trrsection device describgct^.'^ 
in the previous section and the folldwing special "Material s , ; J-H 

Velcrd.band . A velero (3/4" wide) strip long enough to fit around tWi 

- - i ^m^^ 

largest child's chest just urider the arms. 

- - ■ _ __ _ '^^i'y 
Velcrd loop . Cut 10 small pieces of velcro (i** x V*) from the soft , 

_ • _ ._ _ _ _ _ ^.v . _. 

(fU2zy) portidri. Use these to secure the surgical tape to the opposite^rece '^^Z* 
of yelcro previously secured acrdss the child's ehest. 

Tape . Cut- strips df surgical tapg (/?1535 - 1" x 10 yds, 3M Micropore 
brand surgical tape) in strips Idrig enough to reach from the (niddle ofnfie ^ ^ 
child's chin to the velcrl band around the child'^- chest plus 1^ inch. Wrap 
Qfie end of the tape around the velcro jddp arid adhere it to itself (see : 
Figure 7). . ' 
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Headrest , Use sandbags bri both sides of the child's head to maintain,^ 
a midline position when the child is prone, or use a comnierical ly available 
headrest (ronoved from a wheelchair*) for the correct positioning. 

Reinforcers . The same reihforcel^ uSed in ;neasuring head erect in the 
prone position and supported sitting position are. sufficient; 
Observatidnal Settings 

Structured observations (see p. RE2lj. These^easurements shou1d.be 
taken twice weekly during the implementation g£^^^-to-sit and recline- 
to-supine treatment program^ or at di ^^^^^^^^^^^^^ to avoid fatiguing 
the child ive trials (pUll-to-sit. and reel ine-^Q^j^^apine) should 6e performed, 
A toy may be placed on the examiner' s "head or shoul der .(\r^ached by velcro) 
to encourage the child, to raise hi§ head . ^^m'i 

• 4Ms4ructured observatiohs (see p. HE^ljl: Place 4he:ti^^|!^^ev1c'^d^ dW' 
a diaper changing tabletd record data as the child is-reelined prioP to 
having a diaper changed and as the child is pulled to sit after being 

cha'nged. Similar situations that the child ndrmatty' encounters may be 

" / - - ^ - 

substituted. A minimum number <)f trials is hot required. 

Positionin g-the Child . 
- To position the chi-ld, impl-ement the following procedures: 
1- Place the trisettion device on the floor or oh a table. 
^, Remove all-cldWl^ng from, the upper part of the child's body, . 
3. Place the velcro bapd'^ BroUhd^thf child's chest directly under h\f 
ams as shown ih Figure 8. f^ten the band after it is ih place by 
Lting the two points of adherence, one under each arm. 

Fasten one end of the tape around the velcro loop and back dritd 
Itself. Center velcro loop, with tape alroady attache(Ji dri the front 
of the band. 
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**5. Place the child in a supine position parallel to the trisection 
device, so that his waist is even with the vertical end of the device. His 
head must be' flat on the floor and maintained in midline with a headrest if 
necessary as shorn in Figure '9 ^ 

6. Attach the free end of the iape to the middle of the child's chin 
' sg. that there is ho, slack. Note : _ Attach the tape while child's mouth is 

in its usual position* For example^, if his^mouth is usually open, attach* 
the tape while-it Is bpent If the mouth is open during pull to ^sit and' 
recline* but hot at other time, hold the child's mouth open to attach the 

7. Flex the child's knees arid place his feet flat on the floor. To' 
maintain this po^^ibn\he examiner may have to externally rotate and flex 
His/her knee'' and place the child's flexed knees over his/her calf. 
Behavior Definitions 

Score head erect behavior for each trisection as the child is pulled 
from the supine to the sitting pdsiticJ^ii and lowered back from the sitting 
'to tKe supine position. Score head er^ect behavior only if the follov/ing 
two conditions are met: (ij the tape remains attachecii and (2) the head is 
not resting on the child's chest. • 
Measurement^ Procedures ^ 

As the child is ieing pulled to sit, or reclined, record the number of 

. _._ . . ■ ^ __ _ _ _ " _ . _ _ __ 

jr trisections in which his head remains erect. Conduct five trials of pull 
to sit and five of reel ine to supine, implement the procedures described 
b^low. 

1; Use either the child's hands or shoulders as a point of contact 

^/or the j?ull-to--sit and recline maneuver. Base this on the child's ability 

-C: .-_ : __ _ . . .. . . : 

y assist with his anris in the maneuver. That is, if the child can assist 

. ,, « HE38 ^• 
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in pulling^ grasp the child's hand prior to the trial . If there is "tidnei ' 
or only minimal cbhtrlctiori present^ bse the shoulders as the point of 
contact instead. In this ease, fold the child's arms across his chest arid 
then place one hand bri each shoulder. 

2. To conduct a trial, pull the child to the sitting position then 
lower him/her back to the supirie position. To start the trial, first 
instruct the child to "sit up," then grasp him at the appropriate place 
(hands or shoulders), and pull him straight op into the sitting position.' , 
Then place the child's head in the midline position prior to beginning the 
moyement back to the supine position. When moving back to the supine 
position, grasp th^ child at the appropriate place (hand or shoulders) and * 

. lov/er him to the floor. ! " 

3, Regulate the duration of a trial b^^ couhtihg 1^ sec per trisection ^ 
so that'^he ascent and descent each requires 3 seconds- ) - • " 

4, Have a second examiner record the trisectibns in vmch the child^ 
demonstrates head erect behavior and in which trisectlons he does not.. V 

5. Use three symbols for recording the data: (i) {+) head is erect; 
(2) (-) head is not erect; (3) (oj^ tape is detached. The heid is defined 

^s eract if the tape is attached and- the child's head Is not resting on hts 
chest; For each trisection that this occurs* _the observer rriap^ks a plus ^ 
(+) on the data sheet (se^igure 10) for the\pprbpriate. trisection.'. When - 
the ta^e detaches, the obsf^Sir records the trisection numbered, 2, or 3) * 
corresporiding to the poiterior 'part of the child's ear. The observer marks, 
a (0) for this trisection and marks the prev-ious tr>seetidn appropriately * 
(+). For example, if thC^tape detaches at 30°, then, tri section . 1 is marked 1 
i+) and trisection 2jis marked (0) on t|ie ascent ( pul 1 -td-si t) . If the'' . 



tipe detaehes^t 30° 'on ^|he. descent, trisectiOTi' i-i«*-niariced (+) and trisection^ 



1 is marfced (0). Any trisections moved through after the tape has detached 
are marked (-) along with any trisections in which the ch^lld's head is 
resting on or near his chest. 

6. Conduct five trials each of pull-to-sit and recline^ to-supine. 
Provide brief rests between trials as needed. 
Data Analysis 

tabulate the data for the paTl-to-sit and recline poisitons l^y recording 
for each trial, the number of trisections in which head fontrol ms observed 
{+). Each trial requi res that six scores be recorded. These include three 
5Corej (each trisection) as the child is pulled to a sitting pasitidn* and 
three scores (each triseetio^) as the child is lowered back-^tjy the supine 
position. Since five trials:(poll-to-sit and reel ine) are :^d|[ninistered i^ 
a session, a total of 3G scores, a re recorded. These scores canr^be converted 
to a percent correct for the session by dividing the total number of correct 
(+) by 30" and multiplying by 100. Data ca^ be graphed across sessions to 
show the percent of head control. ^ J 
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tocation: •' 



Trials 



Honie 

Structured 
Group 



School 



flame: 

\ . .1 "Tate:' 
Age: 



. Time: 



Start 



Stop 



Tine: 



Sta; 



Stop. 



Pull to Sit 
Trisection 



' 1 



2 



3 



Hands 



Trisection 



.1 



Hands 



f^Sjipulders 



^3 , 



f 



5 .' 



18. Date sheet for measuring head erect in the pull to sit and recline positions. 



A REPtieATi0N STUDY: • ' ^ 
Quantitative Measarement of Head Erect 
; in the Prone and Supported Sitting 
Position in Norihahdicapped Infant?^ 





1^ 



— : — -- ' . / I 

The procedures and data reported in this study were taken frdn a 
Doctoral dissertation by Jane PUrcellRues that was submitted to 
the Department of Special Education, University of Kansas, in 1981 



HEl 

175 



Volume I , ^ssessinent \Procedur for Selected Developmental- riil^storiefe 
pages. HE19>HE42, described procedures used by Fdshage (1978) in theV 
original head erect smBy.r The procedures in the origqhaj study measured 
Head erect in prone > pull to sit arid recline ^ arid $upporte|l sitting. 
Volume II, pages HEI-HEIS present the performance and re^l^abili ty results 

from the original study. _ 

~~ _ • _ _ _ . 

Jteasuremant -PTOcedure Revisions 



Head erect behaviors in two pdsitidnSi prone and suppbrtecf sitting, 
were selected foj^ revision and longi tudinaV repl icatidn. theibriginal 
procedures for measuring head erect in the prone position iKeluded two 
observation schedules: Schedule A which was prinjarily a frequency 
measure, ..and: Schedule b which was a duration measure. Schedule-A required;" 
a 3 minute observation session: the responses (i.e.* h^ad bobs emitted 

the'child) constituted the number of trials during the 3 rniriute 
timing. The duration of head lifts and arm pgsitions were recorded if 
the heS^^wffs raised longer than 5 seconds. Schedule B included a series 



of di screet trial s (minimum of 5 and maximum of 10) in which duration of 
.the head^ li ft and the position(s) of the arms v/ere recprded; ^ - 
^ Thl^transition between these two system (i.e., from 3 minute obser- 
fv>atton periods to 5 to 10 trials) was made when the child maintained a 
head erect position for 60 seconds during a 3 minute period. Only 
durations of head erect greater than 5; seconds were -added together to 
got this number. ' ' 

^ The revised measurement procedure, caiibined canponents of Observation 
Schedule A and Observation Sehedale B. The 3 minute observation session 
was inalntairied and^the code was adapted to allow for simultaneous rccurdincis 
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of the follbwing behaviors: frecjuericy of head turns arid lifts^ duration - 
of longest,, head lift, cumulative duration of head ereSt^^^nd frequency 



of ann positions* The descriptor, head turr>s, represented an addition 
to the code. - When the cumulative duration of Head erect behavior equalled 
158 seconds on. 2 out" of 3 sessions, the duration measure was then applied 
to the descriptor, extended arm props. The focus in the 3 minute obser- 
vd-tion session was then directed at measures of frequency of extended 
arm props, cumulative duration of extended arm props and freq.uen(;y q^f^ 
arm pbsitibris . ^ 

The data sheet was. changed to accommodate the above revisions and 
can be used to measure the behav;ibrs (i.e>, head erect and extended arm 
f^ops) sequeritial ly, simultaneously, or independently. The imposed 
ceiling of 3 iniriutes bri cunKiJa.tive duratibri bf head erect and extended 
arm props far exceeds the duration measures specified in the standardized . 
and nonstandardized assessments; previously reviewed. 

The brigirial prbcedure for measuririg head erect iri support sittirig 
irivblved two measures (frequericy br duratibri). A specified criterion 
determined when the observer changed frcm a frequency measure to a 
duratibri measure. The revised prbcedure cbmbiried bbth measures allowing 
for bimultariebus recbrdirigs bf freqiidricy bf head erect iri a 3 minute- 
bbservatidri sessibri. this revision was made iri. ari effbrt tb systemat- 
ical ly -collect data bri energericd arid acquisitibri iri a ribriharidicappeJ 
population. Additions to the data sheet were. also necessary irithc .v 
provision^ of external support to'-the infant in. the supported sitting 
position. A sequence of support .posi tions from ccphalo-to caudal 
(j;liouldor to pelvis) was defined and included in an effort to quantify 
the LMiiergence and acquisition of this skill in the nonhandicapped sub- 
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..... .. . . :., - . r, - -.- -j.V',.'- 

jects. The initial criterion for change in the' provision Of ^te^^hate^^ 

support to the subject (i.e.^ maintenance of the vertical position for 

30 seconds) resulted in a too abrupt decrease Jh support for nbnharidi- 
cajDped subjects. -f- 
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RpTJing Assessment Proeedores 
(Day, Rues^i & tehr*: Note 6; Fri tzshall & Nqqnan, Note 
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Mobil ity 



^- " 



Procedures for Measuring 
Segm^htal Rbl 1 ing 



by 



■to 



iUla fD^^T (Jane Rues, artd Dbriria .Eehr 




J- 4;- 




I 




Tfie procedures j-'eported- in this stiifl.y vere tafcerii J'n^l^rt. frpm' 



j a master'* thesrS^cdriducted by PauJa Dai*,- that was jjfemitted.* . 
^ ' fjo the Department of Special EdUcalHbH at' t^e Uni'^rsi ty of Kansas 
in 1980.; . . . : , 
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y ^ .... . ^ . I . 'y- 

Selectihg the Tar^^t Behaviors -'^^^-^ 

- - - - . ^ 

i I riforntati on : obtained from the assessment instruments and developmental 

1^;- research was used to identify descriptors of rolling behaviors that iter e 

. . . ' ^ . . ■, 

[^ti^- amenable' to quantitative meastfrement procedures. It has. been clearly shown 

" - , ^_ _ -- -' - - ' ' ■ ■ '-' 

/: ^that^olling progresses through several stages. As Gessell (1934) noted " 

. - -- -- ■- ' _ - - - . _ __ _ ^L^^^ . ^ 

X I& infant's ftrst step towards f he achievement of an erect' postu^p il . 
; ^ through^ the use of :f'btatibrial components dtjring rol 1 ing. All current • ^ 
•ape^sments' lack ajiy cle^r measurement of the eiierg^ce of rj^lli^gi ' " 

^ Specific scales define rol lin| as. the abjtit:^r^d rbl.l Independently from 

a Si^ine^to a fjrorie positiorf. By limltfrig their measurement to the^absolute 
^^^^f nonotcurre^^^0: occurrencei dthese scalis have' little value la identifying t 
, ;:^^the emergence j^^l^tH^^ stages. _ ; ; 

- ^^'"^^'iffl the stage of develbpmerrt in rolling * 

-^^'behavl©!-^^ serect||i^ that meastt'red the 

v^ious'comfiotients^ of rol 1 ing. ' These ta^et behaviors are Segmental ^ 
jiy^' J^olling irm.^ supine,, prone^nd sidelying positioning and rbl 1 in| mobil ity: 
- Be vel opinj^ne Measurem^ft ^d Observatiiji Prdcedurei ' ^ ' 

™ergeng|, quality and mobil i ty aspects, of rolling ,is, discusseS.v accord- 
ing to seven major headings: (a) Spedi f^Hration \^gp;^,tefcavrdri (b) -Materials.! * £\ 
and Eguipment; '(c|_Bbservati-pnal Settings ; (d) Cmd^^ for Obs^rvifag; 

Prqvidi'ng^e^^toftfte ehild; { f) 'Measuring Rollirfg; and (^Specif icatio 
for nakir^ Measures of ^el iab#^i t ^ . >V , • 

'^^^he^Specifi£ati\bi>-^^ prpvide.s a descript^^i of the 

t>^*i^^^*to be measu^d tb.e types of measurement .procedu^^^ - ^ 

Maferial^s^^ Ecju^tpi^ent s^ion incites the^teri^ n|eded fo^r^ 
p-^he^^hiVd^dbfl^^ required by* the observer to^east^Fe^he/^ s'"^ 
^/w^i^^Uc^^ information fs given on. how-^h| irat^^ bfe^ ^ - 

al^^angld in th^envif-onm^n^ . ^ .X^i^^^f^'^^^ \ 
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' The Observatidhal Setting's sectttjfrriiieclf ies the Ideations for' 
administration of the'assessment, \ ' * — 

The Conditions for Obseh^ing, section prides; 6f^ 



he 



inftiial positioning procedures of the chtld as well as bther positiiiiirig • 
procedures used in the^alsesstnent, Sp^qifi cat ions for observer: posi|ior\i- 
ihg are alsa dgsc rtj)ed / 

^he sec^ioil 
wh^tt cues ^. to useiij^l 



Fi^iai^TCties t^St|e liiildi def ines not. ortfy , ' 



LW cind> Wheh tti^y sffoiijct^ be ►presented*- 
' Jhe section oh jMea-stlnfn^ Rol l ing includes definitidhs'of rbl Ting arid 
oth^r terms relat^(f-^o these behaviors, There is*a more ditalled-explaha- 

■ ^ - V ^ . ■ V / „ ■ . _ V 

tion in this sectioV>of the type of refording procedures used a^_v/e>l as 
for the beglnning/and ending of a trial , 




descri^tj 

^^)^ ^m^iA^^Wx^n for" Jailing Measles of^el i'abili ty s^'ipn •provides 

for rel i abi Ut^^W si/r^T'as wjTl "as 1 nfo rmsttion: on'ri^Vel i abi 1 i ty ^ ^ 
measur^s^arQ* tal^j[> aT|^f^ ■ — - . . ^. ... 



Tiie- focrau/T? 




Prone 




jr'detenrf 



he agreement 



1 R^MIng 1n>> 



€ and Sirelyinq Positllons 



S p^ecif fcation of Behavio r^ 



r • _ .t>;^_-^ ^. - ^ 

1. In the positions pr6?ie,^^supi4j|^an$tsldelyi ng the child's response 



is obse 




in terml^fi^he following: ij'^degrees 6f^ 



^ ind^l>€fident rolling, degrees' oft^runk^t 3f) duration of 



''"^^ifiQvem^rit. 




1 




jja^nial s an9 Equipment , ^ ^ 
•V, ^'A data slieet fFigure_i) ^^^ricil , 



are'used. A efrpeted floor area, free-of 
the preparation ^fwafej^e of the jg81ibti»i^^ 



ch and^ re)<jforeing Aob^cts • 





^acl^s ^^^^^"^^^ Additionally t 
^i tional 




Rolling Prone to Si>pine 
Supine to Prone 



Namf 



\ 



Bbservatibrt terigtH;- ' 

P - pronel^bsttiori 
S% s^ir»e;pbsit1bri „ 
>^Sl.- sjdeTyirig position 



) 9 




Elastic Band i\ . .Cut a three-inch wi^le , elastic striy t& a Ifen^ of 
one-h^lf inch lemger than the measuFemehrof the chi^lJdjjf s/hips (positioned 
directVy below the um|)11ifeusj. Firsts place a mark dnWfdurtK^ inch front 
ea^flfend of the elastic strifi^Theri divide the remalnyng band into four 
equal sections by eSlbr eodirig each quadrant, the quadrants are further^ 
divided into, two Wal pefhts by drawing a sing^^, black 1l"ne (See Figuf5e 2a ). 

Thewinside quadrants of red and blue and75utS;ide qua^ants jpf white.. ^ 
arid green 'are fuf'ther divided* into equal parts tj^^^ack dotj^|d^ llr>e|. The 
elastic Strip i^then sewn together one-fourth inch from ^^aw eSges to 
fdrm-a circular band. Each colored s^J^^n i^pre^ents SO'^.Hhe dividing 
line in each section indicates 45° and tfie d6tted sections represent '22. S"*. 



rThe tot^l band-represents 360^ (See Figtrre2b ). ^ ' 

" euri one-inQh wide j^trip of elastic to a leng^ 




^1 



H oftft^hal||*!.inchndnger thajn the meefSurement arouni the child's chest 
(usfnc/ the^mipple line as a reference ^point) .^ Divide the elastit^ strip 



^ and construct the band fojilo 



t{he direetions for Band- i?l 



exaniiner shoul^^ fy preferred toys foe ^^S-chil d. '--Parerits 




su^Ny can-^provide fhfs* imformation. if nf infornttitiori is' available^ the 



ob^l 



I the child to 



preterit a v^Jlieto' of ^^objee^y|^ol 
^ ^he items are prgjF^red' Jhe^^^^may ^moristratep^ 

br*WobJect%y looking at it, reaching: for it, letc.^^s 

Sdine examples of commorily.reinftt agents ^ricj how they are Ufse^are: 
-visSel l^^i^e^e toys w*4h brigfit colors and moving pat*ft^J;;W 



to^timulit^the chifetd visi^ally follow tha-«iject. ^ 
v'-^'-'^^^mr^ such as music boxe$t bel Isv'^'e^c/ aroused 



to ^gp^ragS ^pl^jp hy al Idi^g* the child to vi-saally toII 



faee pfe ^oll toward a :^rf^ferr 






Observatlbhal Settings 



The measurements should be^ken ill a structuriro where the 



child's degrees^ of 'tolling and bodj^ rot^ibh can ea^^lj^ be observed, 



these 



can bccUr either at home or at School* The child 



Js to be vi 



n 



$bci#ly alert, 

%ie struttur^ oljservatipn setting employed a second examiner 
provided visual or auditory stimulation by holding intenkstirig objects to 

the side agd above the .£Siil1^|J|; hea^^-^Pi^enco^ rolling. v. 

j ^ . . r L_ 

/ ^wdi^ tlons- for Observ>ng tegmental Rolling in Supine 

In rti aT- Pos i tioni rig Procedures . The child is placed on his back witfT 

head in midline an5 ;frunk straight. The elastic bands are positioned 

comfortabij^faround the child as seen iri Figure 3.. Place child in a supine, 

V*^ - 1 

-- - -'^-^ , 

prone or sidelying position and slip the band around'his^ hips and chest. 
Positioning of the Band- #i'needs t# be directly belew^^he umbilfeus with 
tjie bands jeam centered orf the ^ambiTiccPs. .Band #2 jfhould be directly over 
the nj^lj^^ ^ jp^ and corresponding to colors in Bar^ |ti'^the^.^ should 
: be tighti^B^h. to. remain securely in pbs-itioh but not/^ tight as 
create or cons^Faint mbvefiierit or cause disconif6rt|^ 

Positioni ng Procedures ^ In the supine ppsit4bn,, al s a: 

3' toVthe child's right sideband three tb' the child^'s Tteft sidi. Once the 



child ^s. positioned and bw^s cbrrectly placed^ begi 

procedure- for each trv^l /d^ fbl lpiwirig ^tep^ 

f^^ - - ^^^^ ^ ■■ 

1)^, ^egfn^^bpwatcl?, ^ - ^ ^ • 

I Ins/ W6 child's .a^eri^fe^n* 




2) The examiner .says or signs "roll"* 



by moving toy i^ viSuaL field tbjxi|^gnaCe\^ 




3) 



Qbserve^truhk rotatibn by hot^n$.U*ff»aiwe 1^.^^^^^ 
Statibriar^baSa ver§ij^%^\W^ ^^^y^-^lr^ ' 
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A) .f>er1od1cal ly activate :t(?y and verbally encourage child to roll 
5) ^ Stop timing if hd mbvemerit occurs after 30 seconds i * ^ 

'6^ If cyld flpkes any movement^ timing is cduritiriued until he rolls 
3*^'^ to either prone qi^rplls back to supine. A child who rdlls to 
; sidelyihg from ssjjj^^ but then retuns to the supine position ^ 

will be given cfeait for rolling to sidelyirig or 96**. 

^V^ -■ - - . - - - - * - - ■ 

,7^' If child independently rbl Ts he is reinforced Wi th -verbal praise 

; and a bri^f opportunity to play^with the toy. 
8)^ dbselH^ations are then recorded accordihg to descrtptibris * 




.Prnvi d i \ 



previously defined. 



Additional data sheet descriptors th^at rMifire further' ex^l aria tibn 
are the use of prompts. Two prompts can be- /used s'imul tariebtisTy. The 
verbalflr^e^rdTl " and visual and/or auditory stihanus'were used to encourage 
rolling: Tlqese are recortfe(^ on-'the data sheet as A (N^rbal) vbr;iB ^fv^ , 
or-A and B. ^'ftja pr^sentajjift of the^.s timulus are spec ifl^ for lacH trials 

tin^W^feBe a stimulus direBtrttm^was - 

designated ^s V^fnfii'S indicated the toy w^s initially he^ 

right^ide ai^d si igfitly above his head to enjcourage Volling.^ 

~ ' . • ' -- -J- ^ 

leg ment g l Rolling . in Supine Post^tion ' ^ -4 




'After\presentatiOyn o£ythe stimol 



Chi 



rih^ or jeftep^si 

pendi^ on corresponding |tHal nconber) oCservatifins aj^^adg\gn'd^gr 



&;f .,|ndependent,rb^:l trank^rotation^ ^The ^egr^^ chj 

jndependeritly roff^^s;^^ Band T^e sj^e of thi chil^'^; 

^ wa^ des^'^at'ed as fehe inttial reference ^irtl, * If a child rol Is 'from supine t':^^ 




fromiilupine to 



^ to sidelying. Tfii^^ou] d_^prespnt' 90^ of indepertdfejit rol 1 ing,.. Rolling 
.c-,i^->i)A.-,-.,„ ^„ ^requaV&y IsO^^nd rolfi rig. supine to. supine would 
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gqual 36u'*i:'The eblared bands Help to visualize arid measure smaller i/ncre- 
meats of intfependeht rbn irig. . * ;« 



To bbse;h^e and measy.r'e t^e degrees of trunk rotation, the examiner needs 
to look ^t bbtft bands apd observe the difference in alignment between 



.the stationary and moving body part. Agairii the initial reference point- 
is the side. For example ^ if the eh-ild initiates rblltnp through hiJ^s left 
hip by flexirig^left leg over his trunk and allowing the rest of his body J 
(shoulders and head) to fblloWi the moving body part would be the left 
hip (band #1) and the stationary body part being the shoulders (Band ft). 
During this rolling behavior the ^xamiher would observe a distinct dif- 
ference in alignm^ent between tile bands* the white section of band j?l 

J .^J/^::^ _ _ • • 

(moving ^part) would be prresfxjnding t0 the blue sj^ctlori -of band #2 

J ' . ; ; ^ ; . *^ ; " 

(stationary part). '{See Figurev^j*). TliS measurement of degrees would.be 

S^termined by how ^ar the moving. 'Jband differed from tlfe'^tatfionary/*^nd. 

If the 'j/hfte section of b^^d #1^^^^ to* the dotted line a repres^^tion ' 

__ _ __ '_ ■ _ - -"^ ■ V 

of 221"* of bt>Sy rotation would blr^kidicated. If rotation continued and • 



I- ^ - ^ ^-f;» 



the wbi te . section .^ 
would be rioted ^Q-. 




^^J^i'''^^ bod^ rotati^ 




The^greates t ambbnt of rotation noted 'during^ a single trial is recorded. 



A'' duration measure is reccfrded fpllo?i?ing la^ trraV. 




'tL^;/.. __ -;r^^?^^^r^"^r*^^^^ : 

2) Tfre. exfl??f(er sa^^s or signs "roll", then gains the child's attenticrti 

by moving toy in. visual field to designate side. 

3')/ "bb$ervB^,trunk rotation by noting difference in band markings. 

St^fi^^^^. band versus moving band,' . ^ I 

4) Pericspicaljy activate toy and verbally encourage child to roll. 

5) Stop tinjing if no movement occurs after 30 seconds. 

\ 6) If child makes ^ny movement, timing is countinued until _he rolls ^ 
to either prone or rolls back to supine. A child who rolls to 
sidelying from supine but then Tetuns to the supine position : ' • 
will bilj^iveri credit_for rolling to side1ytn§ or 90^. • A 
> 7) If cfiild independently rolls he is^ reinforced wit^ verbal praise 

■ ■ ■ ■ - ■: 

and a brl^f oppbrtunity to play with; the toy;, \ ' 
• % " , . ' ' ' ' ' ■ - ii- 

• 8) db^et^a^ons *arfc^then recorded atcbrding to descriptions i w 

previ^Dusly defi-ried. ' _ ^ 

Heasdrihg^^egrrfent^l Roljing in Prone ^ ' \ . ] ■ • ' 

, After presentation of:::,.the_ stimulus (on chiles gright or left ^ide. 



deiDending oh corresjiQading trial ruirfiber) observatioh^'^'ii^^piade on ti'e 
^ independent rbllifig and degrees oC^ronk rotation. The degree a 




child independently rolls is measured by observing Band #1. The\side of '^^ , 



t^? ehiTd was designated as the initial reference point. If a ehil<^ rol 1^* ^ 

. _ . .... _ ■ . _ " ' y .J 

from supine, to sidelyi rig. This would represent ^0° of' independent rolling. .} 
Rolling ifrom^ sup irie to pronaSequals 18&° arid\^olling from supine to supine 

*' — - - - _ - - _ - - _ ■ ' _ - _- - ib 

would amial 360-. -J"he coloured barids help to vi sual ize arid measure, smal ler • 
. A^^increinents of i^Jdeperiderit roll i rig/ ^ ^ J\^^^ ^ - ^ . ' ' 

Tb observe^ arid measure the degrees of trurik rbtatf^i th^ exajjlrier ' ; 

■heeds -td^ Idbl^at both barids arid observe the differeriee^ri al ignment between' 

^ . V ^ > fl(R)12 . \__ - 
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MICROCOPY RESOLUTION. TEST CHART 
NATidNAL BUREAaOF STAf^DARDS . 
STANDARD REEERENCH.MATERlAL 1p10a 
(ANSI and ISO TEST CHART No 2) 



the stationary and movi-ng body part. Again, the Inital reference point 

being the Side. For example, if the child iriitiateS rolling through his . 

left hip by flexing left leg over hts trunk and allowing the rest of his. 

body (shoulders and head) to follow, the moving body part would be the 

left hip (Band #1) and the stationary body part being the shoulders 

^ ' J. . ■ 

(Band #2). During this roLlljng behavior the^xaminer would dbsferve a 

distinct difference in alignment between the bands, the white section of 
Band #1 (moving part) would be corresponding to the blue sectidri-bf Band 
#2 (stationary part) (See Figured ).• The measurement of degrees would 
be determined by how far the moving band differed from the stationary 
band. If the white section of Band #1 moved to the dotted line a represeri- 
tatibh of 225° of body rotation would indicated. If rotation continued and 
the white section moved to the solid black line, ^5^ of body rotation would 
be rioted. The greatest amount of rotation noted during a single trial is 
recorded. A duration measure Is recorded following each trial. 
Conditions for Observirig Segmental Rolling in Sidelyihq 

Initial Pdsitidriirig Procedures . The child is positioned on his 
flight or left side deperidirig on the trial number. In the initial sidelying 
position the child's head should be slightly flexed forward with trunk 
straight. The elastic bands are positidried comfortably around the child in 
ascordance with previous descriptdrs. Once a trial begins repositioning 
should not be necessary. 

Posi tiD^i ng^-Rrocedures . In the sidelying pdsitidri, trials are 
2 in the prone position and 2 in the supine pdsitidri (1 on left side and 
1 on right side). Continue td follow same procedures as outlined for 
the supine position. ^ 
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Specification for Taking Measures of Reliability 

Movement record ings . Reliability percentages for the degreed of 
body rotation, degrees independently rolled and time elaps^d"^ from the 
start to the end of each trial are recorded separately. Measures of 
duration are considered in agreement if scores are within five seconds' 
of each other. For each session across all trials* the hulnber of 
agreements and^tfw-jiumber of disagreements for the three categories 
ape tallied, using the following formula to determine rel iabil i ty«^ 
scores : 

# of agreements - ^^qq ' " 

# of agreements and disagreements 

Calculating |he mean reliability scores for each session consists 

__ _ / . 

of adding the reliablHly^ percentages for each trial and dividing by 

the total number of trials. 

J dea s uring Rolling Mobilit y 
Specification of Behavixxr 

Measurement of rolling mobility, which is rolling prone to 
supine and supine to prone as a jneans of locomotion, consists of 
recording the number of complete rolls and maximum degrees of body 
rotation. The distance the child travels as well as the time it 
takes to, travel are ail so measured. ^ 
Materials and Equipment 

The two elastic bands used to measure segmental rolling are 
employed for rolling mobility. In addition to the bands distance 
markings need to <be established. For this procedure masking tape 

M(R)15 
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approximately three, feet long is needed for a starting poirit as 
well as a stopping point. The first piece of tape is plaeed on the 
fiddr or mat and the second ^iece is«. applied ID feet from the starting 

f ' ~ 

jwint. A third piece of tape is then placed horizontal between the two 
vertical strips (See Figures). The horizontal piece of tape is ' 
marked at six inch increments for. accurate distance measurements'^ 

______ . . , ^ 

S2milar objects, toys, or* food used for' segmental rdlirng may be • 
utilized, - 

% _ ; ■ * - 

A stopwatch, data sheet for "Rolling Mobility" (FigureS), and a 
pencil are the other required items. ' ^ ^ 

Observatidri Setting 

- _ - - _____ ; i. 

• The measurement for rolling mobility should be :taken in a structured 

'situation where the chil(Js' frequency of complete rols and degrees 

of body rotation can easily be observed. The child needs to be visually 

and/or socially alert. Alsdi if the child .cries or seizures^during 

a trial, the trial should be discontinued and resumed later. .Oi^ce a 

trial begins re-positioning shduliid not be necessary. 

The structured observatidri setting employes a second examiner 

who provTdes visual or auditdry stimulation by holding interesting 

objects to the childs side. ' ' 

t 

£onditian-- for Observing RoT -ling Mobility 

If the child independently rolls bdth frdiri prone to supine 

_ 

and supine to prone in any of the trails on the data sheet. 

"Rbllihg Prone to Supine- Supine to Prone" then data\shoald be . 
taRen on rolling mobility. 

■ s 
Pos i t i on i nq pr oced u res . The«child is positioned in either . 

the prone or- supine position which have been specified on tRe 

M(Rjl5 ^ 
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Figure 5 . 0i stance Markers. 
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Rolling MobtTity ^ 



name : ' . 
Date: 

Observation tahgthi 



ner: 



Observer: 
Reliability: ' 



Descriptors: 



P - prone position 
S - supine position 
St- sidelyingt ppsition 



R - r 
- L-1eft 



Trial 

^- 


Initial 
Position 


4 

Direction 
of Roll 


Comptete - 


duration 


degrees 
of Body 
Rotation 


Distance 
Rolled 


Reliability 


1 


P - 


R 


, 


— . _ 

■ 








2 


P 




- 












4> 


if 

4.^ 




» 








4 


^ — : 


4. 




. ; 


^ 

— — J 




... , ■■ ■ ■ ^ 


S 


J s 


R 







' ' ■ r " 


- 


6 


s 


R 


- -J 




— : 


- - -r - . 




_7 




L ■ 


- 










_8 


S c 


L 





: : 







• 


9 


» 










t 


- 


10 


— — 1\ 















11 






* 










12 






r 




^ 









J^3^ 










- 




. 


14 
















15 

±q 

J_7 


V 

V 
























a 
















* 


J_0 

19 
















f 














20 
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Figure 6; Rolling Mobility Data Sheet 
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data sheet. ASpecification of the initial position includes 

the directioh\f the roll. Far example v^en administeriag Trial #1 

the child is plfced in the prpne positi>(^ wit^ the right shoulder 

resting on the st^t**4iTg tape (Figure? The directipn of the no^^ 

is defined as the arm over whicf> the child i'nitially rolls. 

Position of-ob^ser^^er . The observer is positioned on either side 

/ • • . ' ^ , 

of the; horizontal piece ot tape. The jnost- beneficial position is to 

kneel or stand up so that measures are easi4y visable. ' 

Trpvi^ing Cues to the-Cb444 

The bhly^es utilized 'td encourage rolling are visually, 

auditorily or* tactily stimulating objects or toys v^ich are 

prescinied to be reinforcing to the child. The itaTi{sJ> selected s 

is/are placed 2-3 feet from the chiVd and ar;d activated throughout ^ 

the trial. If the child progresses forward towTard the item(s), \-. 

then the item(s) fs/are pTaeed further away until fhe twp^ minute 

_• I . 

trial is completed. \ ^ 

' Ji - — X • ( - " * * 

Measuri^ ng Roljing J^ob-il tfy ^ ; • ^ . ^ • ' 

Descriptton-of the behavior . Rolling mobility is defined as^a 
complete ^S^^'Yoll from 'either the supine or prone position, - 

Type of-measaremeht used ^ The -type arid frequency of rolling is 
procured by recording the degrees of body rotation and the nymber of 
complete roj fs. ^ ■ * 

When recording the number of complete rol 1 s the observer' counts 
one complete ^roll if -the child. rol Is from either supine to supine or 
prone to pr^bhe, depending on the initial psotion. Partial credit is 
also measured -r For example^ if fhe child initially begins a trial in 
the supine position and rolls as follows: supine-prone-^upThe-prone 
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then his total number of complete rolls for the trial would be one 
and one half (see Figure 8). 

The degrees of body rotatiorr is measured as indicated in the seg- 
mental rolling procedures by observing the difference in alignment 
betwe^jl the stationary and moving bands (Figure 9). The largest 

m 

amount, of degrees noted during a single trial Is th^' recorded measure, 
t^or instance, if a child independently rolls three times during a 
trail v^ith the first roll shovving 0° body rotation! second roll 22, 5** 
body rotation and the third roll with 45° of body ro^tatidhi the 45° 
measure would be recorded. 

The distance the child rolls js.also recorded on the data sheet. 

- - - - - - - \ - - - - 

The observer places a piece of tape adjacent to the shoulder resting c 

the starting tape prior to beginning the trial. After the trial is 

lb 

terminated a second piece of tape is placed adjacent. to the shoulder 

furtherest from the starting point. The observer determines the 

distance traveled by measuring the distance between these two points 

marked by tape (FigurelQ). 

The time needed to travel the distance of six feet is recorded 

on the data sheet. However, if the child does hot travel six feet, 

then two minutes (the total length of trial) is recorded in the time 

column. After the distance traveled and duration have been determined 

- __ __ I 

then the rate of ^Ibcbmdtidn is calculated by dividing the dqstanee 

traveled by the time. 

Beginning of trial . the child is pdsitibned either in prone or 

supine with the predetermined directidn established. After the child 

is initially positioned measurement commences with the presentation 

of preferred objects or toys. The stopwatch begins at the^same time. 

M(R)21 ^ ^ 
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siibihe -4 prbrie > supine -^-4 PjpGne 



1 roll 
\ 



rol 1 inn: supihe-prorie-stjpirxe-prohe 
Scored: 1% total rolls. / * 



c 



Figure 8. C6uhtihg rolls. 
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• Tormi hatidh of tri^L * The erid of the trial is detenu ihed when 
the child travels the distance of six feet or at the expiratiorf of 
.two miriut^JSi whichever coines first. 
Specifications fdr^fakihg Measures of -Rellabil i ty 

..Reliability precentage for the number of complete rolls, degrees 
of body rotatibhi distance rolled and time eTapsed from the beginning 
td thtehd df each trial are recorded separately. The initial position 
and direction of the roll are specified on the data shBet. Measures 
of duratidh are considered in agreement if the scores are within 5 
secdrids df each dther. Fdr each session across all trials, tf\e number 
of agreements and the number of di sagreanehts fdr the four categories 
are tallied, using the following fdrmula td determine reliability/ 
scores: . 

# of agreements • . 

' . ■ r _x 100 

# of agreements and disagreements 

r . - 



Calculating the mean reliability scores for efch -sessidri cdhsists df 
adding the rel iabil i ty percentages for ea£ff:tr1al and dividing by 
th^ total "l^ber of tri^i^. 
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^ Quantitative Assessment of Rolling 
Behavior in Haridicapped and Nonhandicapped 
^ Infants and ehildrerf^ 



by ^ 
Jill D. Fritzshall 
and _ 
Mary Jo Nbbhari 



^The procedares and data reported in this study were taken from a Master' 
Thesis by Jill D, Fritzshall that was submitted to the DeparU.ient of 
Special Education, University of Kansas, 1982. 



A complete descriptidh of the measurement procedures Used in this 
study is found in pages M(R)1 to M(Rj25 of Vdlume Assessment Procedures 
for Selected Developinental Milestones , In the original study^ segmental 
rolling was observed from prone * supine » and sidelying and specific 
measures were taken on degrees of body rotation, degrees rolledi and 
duration of each trial. If a child was able to roll from prone to 
supine and supine to prone, then a different data- sheet was -used in 
order to record rolling mobility. Rolling mobility was defined as the 
use of rolling as a means of locomotion, and specific measures were 

taken on the degrees of body rotation, number of complete and partial 

I 

rolls made, distance rolled, and duration of the trial. The measurement 
of rolling distance was made by placing masking tape in a horizontal 
line across the carpet which was marked in six-inch increments. The 
^ child was expected to roll along this. tape so that his/her rolling 
distance could be determined. 

Three revisions were made in the selection of target behaviors. 
Since during the replication it was rare for a child to roll in a straight 
line along the masking tape, distance measurements were not taken. 
Rather, the number of complete and partial rolls, specific to a quarter 
of a roll, were taken as ah adequate measure" of rolling mobility. 
"Rolling mobility" was added as a descriptor to the "Segmental Rolling" 
data sheet while "Degrees Rolled" was eliminated. Thus, the same data 
sheets how entitled "Measurements of the Rolling Response from Pronej 
Supine^ and Sidelying" (see Figure 1), were used with each child^ regard- 
less of the ability to roll from prone to supine and supine to prone. 

o 

ERIC 



PrPrpn^.. __ Q-qrar,ge...CPr.ll..25'' rotation) _ SH-shouIdef 

S-?^PAne R-rigHt B-b.luo (between Uv25''_and PE-pelvts 

SL-sidelying L-leXt Rr.red (between _22 . 5' and 45' rotation) 

tf-wHite (over 45* rotation) » R-reliabilttj* 



Trial 



Trunk Rotation 



P rolling over R 



Body Part 
Leading Roll 



Mobility 



SH 



PE 



les3 than 
1/4 i/2 
11/4 11/: 
21/4 21/: 



1/4 roll 

3/4 1 roll 
: 13/4 2 rolls 
: 23/4 3 roils 



Pxolling over R 0 3 



SH PE less tliah 1/4 roll -- 

1/4 . 1/2 -3/4- I' roll - - 

11/4 11/2 13/4 2 foils 

21/3 21/2 23/4 3 rolls 



(SL P. to S) b B R W SH PE less than 1/4 roll 

1/4 1/2 3/4 1 roll. 
11/4 11/2 13/4 2 rolls 
21/3 21/2 23/4 3 rolls 



P rolling over L 



SH 



PE less than 1/4 roll 

1/4 1/2 3/4 1 roll 
11/4 11/2 13/4 2 rolls 
21/3 21/2 23/4 3 r^Us 



P rolling over t 



SH PE less Chan 1/4 roll . 

l/4_ 1/2 .3/4.. 1 roll . 
11/4 11/2 13/4 2 rolls 
21/3 21/2 23/4 3 rolls 



(SL L to S) 0 B R V 



SH PK less than 1/4 roll 

1/4 1/2 3/4 1 roll. 
11/4 11/2 13/4 2 rolls 
2l/3 21/2 23/4 3 rolls 



S rolling over R O B R W 



SH PE less than^ 1/4 roll 

1/4 1/2 ' 3/4 1 roll 
^ ll/4 11/2 13/4 2 rolls 

21/3 21/2 23/4 3 rolls 



S rcllini over R 0 B H W 



^ SH PE less than 1/4 roll -. 

1/4. 1/2 .3/4. 1 foil .- 
. - Xl/4 11/2 13/4 2 rolls 
21/4 21/2 23/4 3 rolls 



(SL R to P) O B R W 



SH PE less than 1/4 roll. 

1/4 1/2 3/4 1 roll 
11/4 11/2 13/4 2 rolls 
21/4 21/2 23/4 3 rolls 



S rolling over L 0 B R W 



SH PE less than 1/4 roll 

1/4 i/2 3/4 1 roll 

11/4 ii/2 13/4 2 roils 

21/4 21/2 23/4 3 rolls 



3 rolling over L O**- B R W 



SH PE less than 1/4" roll 

l/4_ 1/2 .3/4 1 risn . . . 

11/4 11/2 13/4 2 rolls 

_ _ 21/4 21/2 23/4 3 rolli* 



(SL L to P) O B R W 



SH PE loss than 1/4 roll 

1/4 1/2 3/4 1 roll 
11/4 11/2 13/4 2 rollJi 
21/4 21/2 23/4 3 rolls 



jlean U/Trlal 



Figure 1. Data Sheet __ _ _ _ 

BEST GOfY AVAILABLE 




detemirie the duration of each trial. Because they gave an auditory feue 
when stopped and started^ it was believed to be impossible to obtain a 
valid reliability measure of this descriptor. More significantly, it 
was difficult to simultaneously facilitate a rolling response (often by 
holding a toy in one hand), observe that response, and operate a stopwatch. 
Ibis was particularly tirue when it was necessary to keep an eye on the 
stopwatch for the first 3B seconds of a trial in order to eliminate that ' 
, trial if the child failed to make a rolling response. ThuS, "Duration" 

i 

as a descriptor was eliminated. Instead, a tTmer was set before each 
trial which then lasted 60 seconds or until the child made three conse- 
cutive rolls in the same direction, whichever came first. 

Finally, the body part leading the roll was added as. a descriptor 
to the data sheet. The addition of this descriptor would permit a 
systematic analysis of the body part initiating the roll (i.e., shoulder 
vs. pelvis) iTi both handicapped and nonhandicapped subjects. - 

Two procedural changes were made during the replication. Firsts 

_ c? _ . _ 

the number of trials per session was reduced by approximately one-half. 

The number of trials taken from prone and from supine changed frdin six 

to four in an attempt to prevent the child from fatiguing. In addition^ 

sidelying trials (eight possible per session) were only used If a child 

failed to make at least a half of a roll in a particular direction fron 

» _ 

prone or supine. 

Second, the observation period for degrees of trunk rotation was 
more specif icafly stated in the procedures used during the replication 
than in the original study. In the original study» the maximum degrees 
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^ the experieriee of this investigator that: (1) it was extremely. dIfficdU 
to observe the two elastic bands during an entire triaV wi thout physically 
moving, into- thf child's^ roll irig space or visually; distracting the child 

^ by hovering overHim or her; and (2) the maximum degrees of trunk rbtatiori 

most frequent l^occurred during the firs^ quarter of a roll. Thus, it 

-V . » - ^ c 

was decided that the observation period Tor trunk rotation would be ^ 

during the first quarter of the first roll that the child made during 
each trial . • - ' > * 

One change was made in the measurement systems used to reaord the 
rolling response. Elastic bah^ #l^placed oh the nipple line and used 
to determine degrees of trunk rotation^ was color coded to show S*", 
22.5'', 45°, 90°, and 360° increments^ in the original study. Degrees of - 
trunk rotation were recorded irt these figures. During the process of 
replication, however, the degrees of trunk rdtatidn eilmost invariably 

fell somev/here between those exact figures ^ and their use on the data 

_ ".' 

sheet was felt to be inaccurate. Therefore^ exact measurements wer$ - 

replaced by a series of short ranges of degrees of trunic rotation, f^r 

example, "0°" was refxj^ced by "between 0° and' 11.25°" of trunk rotation. 

in increasing ^order, the ranges were "between 11.25° to 22.5°," "between 

2|;5° and 45°" and "more* than 45°." Changes in the design of the band 

reflect these revisions (see Figure 2). For the sake of cdhveriienee, a 

change was also made in the design of elastic band #2, placed at the 

- - - . , _f - - 

I'evel of the ombilieus. The original study had color coded elastic band 
#2 in the sane increments as elastic band #1. During the replication, 
the colors on elastic band #2 we^ replaced by arrows at specified 
points. Degrees of trunk rotation were determined by the mrsal igmnent 



! I 




Elastic band #1 



\ 0 0 t ^ 



ti;t£?: Orange 
-^^^•'i Blue 

- . White 
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Elastic band tt2. 



Fitjure 2. Elastic bands for rolli 



ng, 



20s 



between the arrows and discreet points on elastic band #1. By using 
arrows Instead of colors on elastic band #2, the construction time was 
cut by approximately one-half, 

A second replication was initiated in which an additional revision 
was made. Those^people who 'observed and recorded the rolling response 

(the evaluator and another observer) were no longer involved In facial tat1n<^ 

J _ . : 

the response. Another person was used during each session to encourage 

the child to roll. This person did not record the rolling response, but 

functioned as a facilitator or>ly^ Except for this change, the methods 

used d^ing the second replication v/ere identical to those used during 

the first. 
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APPENDIX F 
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Sample of eorjipleted Head Ergct Data Sheet 



4 




I wit: K'iiTiy ■ 
OBSERVER(S): P 



SETTING: CIhs^oo/^ 



UAit: iijiji'i 
RELIABILITY: 



Code: 



f ■ ann support ^ 

props dfi one fparnij otlier arm no support 
vv/- props on forearms ■ - 
Ji- props dri forearm aiid one 

(I - props oil extended arms 



arm 



R <ri§ 
L - left a'riii 



HEAD ERECT DESCRIPTORS 



Head 
Turns 



Head 
Lifts 



Duration: 
Longest 
Head Lift 



Head Erect 
or 



UPPER EXTREHITY WEIGHT BEARING DESCRIPTORS 



R L 




R L 



I! I 
1/ 



R t 
I I 



Reliability 



Itfh 
0- 



4 



■If 



: ^E^ND.iy G 
Sample of Completed ftbTlinq' 



ing Data Sheet 




tV'JUj r.:- or^t O f IriM Ro l 1 i ,i4 Sespon^^' frb i i P r.;n; ^ ..-Suoi rg ; and Siclfly.n^ 
one Mnhl ■ Ob^rver ' 



umJiL 



P - prone 
S - suoine . 



Dcsc ri d-tbri » 
R - right 0 - oi-d rifje (Q-II.Ja^)- - 

W' - :e . (gver 4-3 } 



SH . shoulder 
Pt ' pelvis 



Trijl 
P aver A 



1 



P over R 



(SL R to Sj 



P over t 



P ever t 



(SL L to S) 



5 over R 



(SL R to Pj 



S over C 



S over L 



(SL L to P) 



Trunk Rotation 

0 R ^ 



0 



0 B 



. .Bp<^/_Pi''t. . 



Pi 



SH PI 



Sri PE 



SH P£ 



SH PE 



SH PE 



SH. PE 



SH 
\ 



^E 



SH Pt 



SH Pt 



SM PE 



v^H PE 



ICyS tndn_I/^^.;roll 

IIZ-J ll/2'v^l3/4 
21/4 21/2 23/4 

lesi than J/4 roll 
I/« 1/2 3/4 
n/4 : ll/Z \r/i 
2W4 21/2 23/5 

less "thdrt 1/4 roll 
1/4 ^ 3/4 
11/4 ir/2 13/4 
21/4 21/^ 23/4 

les* thab'tyj roll 
1/4 1/2 3/4 



11/4 
21/4 



.11/2 
21/2 



13/4 
23/4 
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Reliability Scores by Measure for., 
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